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II. 


Tue Dynamo 1n Practice. 


Ir was pointed out, at the conclusion 
of the former lecture, that none of the 
four fundamental methods of exciting the 
field-magnetism of a dynamo was perfect 
in theory, since none could enable a ma- 
chine either to generate a constant cur- 
rent, or to maintain a constant electro- 
motive force, whatever the resistance of 
the external circuit for the time being. 
Now, as the first function of a dynamo 
in practice is to feed with sufficiency and 
regularity a system of lamps, and as 
those lamps are always* in practice ar- 
ranged either in series or in parallel, it is 
clear that in the former case a constant 
current, and in the latter a constant 
electromotive force is required. 


ComBInaTION MEtTHops. 


The discovery of the method of ren” 
dering a dynamo machine automatically 
self-adjusting, so that either its electro- 
motive force (according to circumstances) 
shall be constant, is due to M. Marcel 
Deprez, and is a result of the considera- 
tions arising from the study of the dia- 


*I am aware that occasionally incandescent lamps 
have been arranged with two or three lamps, in 
Series, ‘in each parallel, or on a multiple series plan. 
Iam not aware of any such arrangement having been 
satisfactory 
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'grams of the characteristic curves of 
| dynamos.* 


M. Deprez has, in fact, 
shown mathematically that if a dynamo 
be wound with a double set of coils, one 
of which can be traversed by an inde- 
pendent current, whilst the other set is 
traversed by the current of the machine 
itself, there can always be found a cer- 
tain critical velocity of driving, for which, 
provided the field-magnets are far re- 
moved from their saturation point, the 
desired condition is fulfilled. Other 
combination methods have been suggest- 
ed by Professor Perry and others; and, 
as the whole matter promises to be of 
utmost importance in the future practice 
of constructing dynamos, a summary of 
the principal methods may be worth 
tabulating. 

(1.) Series and Separate (for Constant 
E. M. F.), Deprez.—This method, illus- 
trated in Fig. 20, can be applied to any 
ordinary dynamo, provided the coils are 
such that a separate current from an in- 
dependent source can be passed through 
a part of them, so that there shall be an 
initial magnetic field, independent of the 
main circuit current of the dynamo. 
When the machine is running, the elec- 
tromotive force producing the current 


*See La Lumiere Electrique, December 3, 1881. 
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will depend partly on this independent initial magnetic field independent of the 
excitement, partly on the current’s own | strength of the current in the circuit. 
excitement of the field magnets. If the; Seeing that the only object in provid- 
machine be run at such a speed that the| ing the coils for separate excitement is to 
quotient of the part of the electromotive | secure an initial and independent mag- 
force due to the self-excitement, divided netic field, it is clear that other means 
by the strength of the current, isnumeri-| may be employed to bring about a simi- 
cally equal to the internal resistance of/ lar result. 

the machinery, then the electromotive! (3.) Series and Mugneto (Constant 
force in the circuit will be constant, how-| #. M. F.), Perry.—The initial electro- 
ever the external resistances are varied.| motive force in the circuit, required by 
M. Deprez has further shown that this| Deprez’s theory, need not necessarily 
velocity can be deduced from experiment, | consist in their being an initial magnetic 
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COMBINATION OF SERIES AND SEPARATE. 


and that, when the critical velocity has 
once been determined, the machine can 
be adjusted to work at any desired elec- 
tromotive force, by varying the strength 
of the separately exciting current to the 
desired degree. 

(2.) Shunt and Separate (for Constant 
Current), Deprez.mWhen cases arise, as 
for a set of arc lamps in series, it is de- 
sired to maintain the current in the 
circuit at one constant strength, the 
previous arrangement must be modified.as 
indicated in Fig. 21, by combining a shunt 
winding with coils for a separately excit- 
ing current. This arrangement is, in 
fact, that of a shunt-dynamo, with an 








SHUNT AND SEPARATE. 


field of independent origin. It is true 
that the addition of a permanent magnet 
to give an initial partial magnetization to 
the pole-pieces of the field magnets, 
would meet the case to a certain extent ; 
but Professor Perry has adopted the 
more general solution of introducing in- 
to the circuit of a series-dynamo a 
separate magneto machine, also driven at 
a uniform speed, such that it produces in 
the circuit a constant electromotive force 
equal to that which it is desired should 
exist between the leading and return 
mains.* 





- * Professor Perry gives, in his specification, the 
following numerical illustration, to which the only 
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This arrangement, which is depicted in | 


Fig. 22, may be varied by using a shunt- 


wound dynamo, the magnets being, as | 


before, included in the part of the circuit 
outside the machines. The combination 
of a permanent magnet with electro- 
magnets in one and the same machine, is 
much older than the suggestions of 
either Deprez or Perry. having been de- 
scribed by Hjérth in 1854. 





SERIES AND MAGNETO. 


exception that can be taken is, that with so high a 
resistance as that of three ohms in the machine the 
system must be very uneconomical. “As an ex- 
ample, if there is only one dynamo machine, and if 
the resistance of the main cable, return cable and 
machines, in fact, of that part of the total circuit 
which is supposed to be constant, be, let us sup- 
pose, three ohms, then we find that the dynamo 
machine ought to be run at such a speed that the 
electromotive force, in volts, produced in its moving 
parts is three times the current in ampéres, which 
flows through the field-magnets, consequently this 
speed can readily be found by experiment. Suppose 
this constant electromotive force of the magneto 
machine to be 50 volts; its resistance 0.3 ohms, and 
the resistance of the dynamo machine and of the 
other unchanging parts of the circuit 2.7 ohms; and 
suppose that the speed is that at which the electro- 
motive force produced by the rotating armature of the 
dynamo is three times the current. Now let there be 
a consumer’s resistance of 2 ohms, the total resist- 
ance is 5 ohms. Evidently the electromotive force 
produced in the dynamo is 75 volts (for call this elec- 
tromotive force «, then the current will be 
Le 
z+3 whence it follows that 7 3 


or'8z + 160=52, or z = 75) and the total electromotive 





(4.) Shunt and Magneto (Uonstant 
Current), Perry.—Perry's arrangement 
for constant current is given in di 
in Fig. 23, and consists in combining a 
shunt dynamo with a magneto machine 
of independent electromotive force, this 
magneto machine being inserted either in 
armature part or in the magneto-shunt 
coils of the machine. As before, a certain 
critical speed must be found from ex- 
periment and calculation. 








eeeeseserseeweemen? 


SHUNT AND MAGNETO. 


(5.) Series and Shunt.—A dynamo 
having its coils wound, as in Fig. 24, 
so that the field-magnets are excited 
partly by the main current, partly by 
a current shunted across the brushes 
of the machine, is no novelty, having been 


force in the circuit is, therefore, 125 volts, and, as the 
total resistance is 5 ohms, the current is 25 ampéres, 
giving an electromotive force of 50 volts between the 
ends of the consumers’ part of the circuit. Now, if 
the consumers’ resistance increases to, say 12 ohms, 
by some of the consumers ceasing to use their cir- 
cuits, there is an instantaneous alteration of the elec- 
tromotive force produced in the dynamo to 12 volts, 
or 6214 volts in the whole circuit, and 6244 divided by 
15 gives 44 ampéres; and this means 4} multiplied by 
12 or 50 volts as before, between the ends of the con- 
a mg part of the circuit. Here, again, the ealcu- 
ation is: 


r+-°0 
15 


> whence 3z+-150=15z, or 124=2. (S.P.T.) 
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used in Brush dynamos* for some years 
past. The arrangement is not so perfect 
as either of the preceding, being more 
limited in operation. If the shunt coils 
be comparatively few, and of high resist- | 
ance, so that their magnetizing power is 
small, the machine will give approximately 
a uniform electromotive force; whereas, 
if the shunt be relatively a powerful, 
magnetizer, as compared with the few 
coils of the main circuit, the machine will 
be better adapted for giving a constant | 
current ; but, as before, each case will | 














| 


SERIES AND SHUNT. 


correspond to a certain critical speed, 
depending on the arrangements of the 
machine. 

(6.) Series and Long Shunt.—I propose 
to give this name to a combination closely 
resembling the preceding, which has not 
yet, so far as I am aware, been actually 
tried. If, as in Fig. 25, the magnets are 
excited partly in series,, but also partly 





* The shunt part of the circuit, originally called the 
“teazer,”’ was adopted at first in machines for electro- 
plating, with the view of Powis a reversal of the 
current by an inversion of the magnetization of the 
field-magnets, but has been retained in some other 
patterns of machine on account of its usefulness in 
‘steadying ’ the current. Iam informed that Messrs. 
Siemens and Halske have also used this combination 
for some time past. 
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by coils of finer wire, connected as a 
shunt across the whole external circuit, 
then the combination should be more 


applicable than the preceding to the case 


of a constant electromotive force, since 
any variation in the resistance of the 
external circuit will produce a greater 
effect in the “long shunt” than would 
be produced if the resistance of the field- 
magnets were included in the part of the 
main circuit externa] to the shunt. 
Although the last two combinations 
are not such perfect solutions of the 








SERIES AND LONG SHUNT. 


problem as those which precede, they are 
more likely, in my opinion, to find an 
immediate application,* since they can be 
put into practice upon any ordinary 
machine, and do not require, as in the 
first four combinations, the use of 
separate exciters, or of independent 
magneto- machines. 

All these arrangements presuppose a 
constant velocity of driving; but they 


* Since the above was written, on account of 4 
similar combination to the 5th mentioned above has 
appeared in the pages of the Electrician, under the 
name of Crompton’s Compound Dynamo. Mr. R.M. 
Rosanquet, of St John’s College, Oxford, has also sug- 
gested a similar arrangement for charging ,accumula- 
tors with a constant electromotive force. 
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are not the only ones consistent with this 
condition. An ordinary series dynamo 
may be made to yield a constant current, 
by introducing across the field-magnets 
ashunt of variable resistance,the resistance 
of the shunt being adjusted automatically 
by an electro-magnet, whose coils form 
part of the circuit. This is actually done 
in the automatic regalator attached to 
Brush dynamos, as used in supplying a 
series of are lights. A shunt-dynamo 
may similarly be controlled, so as to yield 
a uniform electromotive force, by in- 
troducing a variable resistance into the 
shunt-magnet circuit, as is done in some 
of Edison’s dynamos. To make the ar- 
rangement perfect, this variable resistance 
should be automatically adjusted by an 
electro-magnet whose coils are an in- 
dependent shunt across the mains of the 
external circuit. 

Yet another way of accomplishing the 
regulation of dynamos is possible in 
practice, and this without the condition 
of aconstant speed of driving. Let the 
ordinary centrifugal governor of the 


steum-engine be abandoned, and let the) 


supply of steam be regulated, not by the 
condition of the velocity of driving, but 
by means of an electric governor, such 
as an electro-magnet working against an 
opposing spring. If this electro-mag- 
netic governor is to maintain a constant 
electromotive force, its coils must be a 
shunt to the mains of the circuit. If it 
is to maintain a constant current, its 
coils must be part of the main circuit. 
Such a governor ought to be more relia- 
ble and rapid than any centrifugal gov- 
ernor intended to secure a uniform speed 
of driving. 


Oreans oF Dynamos, 


I now propose to return to some of 
the rules and suggestions which we ar- 
rived ata week ago, in considering the 
dynamo in theory, and see how they are 
borne out in the dynamo as constructed 
in practice. I shail try to illustrate the 
various points that come under review, 
as far as possible, from the more recent 
types of dynamo. 


Frevp-Maeyets. 


In the classification of dynamos, laid 
down in my first lecture, we found that 
those of the first class required a single 
approximately uniform field of force, 


were not of high quality. 


whilst those of the second class required 
a complex field of force differing in in- 
tensity and sign at different parts. Ac- 
cordingly, we find a corresponding gen- 
eral demarcation between the field-mag- 
nets in the two classes of machine. In the 
first, we have usually two pole-pieces on 
opposite sides of a rotating armature. In 
the second, a couple of series of poles 
set alternately round a circumference or 
crown, the coils which rotate being set 
upon a frame between two such crowns 
of poles. 

Confining ourselves, at first, to the 
first-class of machines, we find that, in 
practice, their magnets differ widely in 
construction and design. In very few 
of the existing patterns is there much 
trouble taken to secure steady magnets, 
by making them long, heavy, and solid, 
or with very heavy pole-pieces. I have 
repeatedly, in testing dynamos, had to 
report that an unnecessary amount of 
wire had been wound upon the field- 
magnets; and I find that the usual re- 


ply is that, with less wire, the machine 


does not work so well. If, however, it is 


found necessary to wind on so many 
coils upon the magnets as to bring these 


practically to saturation long before the 
machine is doing its maximum work, it 


‘is clear that either the iron is insufficient 


in quantity, or it is deficient in quality. 
‘In the Bargin machines, where cast-iron 
field-magnets are employed, the smaller 
magnetic susceptibility of this metal is 
made up for by employing a great weight 
of it. In Siemens’s smaller dynamos, 
the amount of iron employed in the field- 
magnets would be quite insufficient if it 
As it is, I am 
of opinion, the mass of it (especially in the 
polar parts) might, with advantage, be in- 
creased. In some of the early machines 
of Wilde, and in Edison’s well-known 
dynamos, long field-magnets, with heavy 
pole-pieces, are found. Edison's dyna- 
mos, indeed, are all remarkable in this 
feature; the pole-pieces and the yoke 
connecting the iron cores of the coils 
are made abnormally heavy. This is 
not more noticeable in the giant dynamos, 
used at the Holborn viaduct (see Fig. 
30), than in the smaller machines used 
in isolated installations for sixty and for 
fifteen lights.” 

The principle of shaping the magnets, 
so that their external form approximates 
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to that of the magnetic curves of the 
lines of force, is to some extent car- 
ried out in such widely differing types 
of machine as the Gramme with “Jamin” 
magnet, the Jurgensen dynamo, and 
Thomson's “ mousemill” dynamo. The 
two machines last named exhibit several 
curious contrasts. In the Jurgensen, the 
field-magnets have heavy pole-pieces ; 
in the Thomson there are none; and in 


mutator, and the avoidance of counter- 
electromotive forces in the armature. If 
| the pole-pieces are badly shaped for their 
_work, or approach one another too far 
round the armature, they may complete- 
ly perturb the approximate uniformity 
‘of the field, and may cause the central 
| portion of the field to be of much weaker 
intensity than the two lateral regions be- 
tween the edges of the pole-pieces. 





the Thomson machine the iron core is; When this is the case, the rotating coils 
thicker at the middle than at the ends. are virtually moving in a double field, 
In both there are auxiliary internal and it is even possible that, in conse- 
electro-magnets, fixed within the rotat-| quence, the direction of the currents in- 
ing armature, to concentrate and aug-| duced in the individual coils may be re- 
ment the intensity of the field, accord. | versed four or six times as they make 
ing to the device patented by Lord|one rotation. In such a case the distri- 
Elphinstone and Mr. Vincent. In the! bution of potential round the separate 
Thomson machine the coils are heaped | bars of the commutator will be abnormal, 
on more thickly at the middle of the|as we shall see later on. 

field-magnets; in the Jirgensen, the | 
coils are crowded up around the poles. | 


' 
ARMATURES. 


The latter arrangement I condemned 
from the point of view of theory last 
week. If we may judge from a report 
on this machine by Professors Ayrton 
and Perry,* the arrangement is not satis- 
factory in practice, as there are more 
coils than suffice to magnetize the mag- 
nets. Is it possible that the mistake is 
not in having too many coils, but in hav- 
ing them in the wrong place? 

Another suggestion, which was indi- 
cated from theoretical considerations, 
was that of laminating the pole pieces, 
so as to prevent the production in them 
of wasteful Foucault currents. Here I 
find that but one machine has been de- 


signed in which this precaution is car- | 


ried intu effect. This is the disk dynamo 
of Drs. Hopkinson and Muirhead, the 
field-‘magnets of which are made up of 
lamin of iron, cast into a solid iron 
backing. 

Another matter in which, up to the 
present time at least, there is nothing 
but empirical practice to guide us, is the 
form to be given to pole-pieces, in order 
to produce the best effect. In fact, we 
have such singular divergence in prac- 
tice, as to suggest the thought that little 
importance has been attached to the 
matter. Yet upon the form and extent 
given to the nole-pieces, depend consid- 
erations of no less importance than the 
reduction of idle wire in the armature, 
the reduction of sparking at the com- 

*See Hiectrical Review, Sept. 28, 1882. 








| The armatures of dynamos of the first 
class may be roughly classified in three 
groups, according. to the manner of ar- 
ranging the coils. These three groups 
are— 

(1.) Ring armatures, in which the 
coils are grouped upon a ring, whose 
principal axis of symmetry is its axis of 
rotation also. 
| (2.) Drum armatures, in which the 
'eoils are wound longitudinally over the 
surface of a drum or cylinder. 

(3.) Pole armatures, having coils 
wound on separate poles, projecting radi- 
ally all round the periphery of a disc or 
central hub. 

(To these we shall add a fourth form, 
namely, that of Disk armatures, when 
we deal with dynamos of the second 
class.) 
| The object of all these combinations is 
|to obtain the practical continuity of cur- 
‘rent spoken of in section ¢ of the first 
lecture. Some of the individual coils 
should be moving through the position 
of maximum action, whilst others are 
passing the neutral point, and are tem- 
porarily idle. Hence, a symmetrical ar- 
rangement around an axis is needed. 
Ring-armatures are adopted in practice 
in the dynamos of Pacinotti, Gramme, 
| Schickert, Gilcher, Fein, Heinrichs, De 
| Meritens, Brush, Jirgensen, and others. 
‘Drum armatures are found in the Sie- 
mens (Alteneck), Edison, Elphinstone- 
Vincent, Laing, and other machines. 














Pole armatures are used in the dynamos 
of Allen and of Lontin. There are sev- 
eral intermediate forms. The Burgin 
armature consists of eight or ten rings, 
side by side, so as to formadrum. The 
Lontin (continuous-current dynamo) has 
the radial poles affixed upon the surface 
of a cylinder. The Maxim armature is 
a hollow drum wound like a Gramme 
ring, and has, therefore, a great quantity 
of idle wire on the inner surface of the 
drum. The Weston armature has the 
drum surface cut up into longitudinal 
poles; there is a similar armature by 
Jablochkoff, in which the poles are ob- 
lique. 

Ring armatures are found in many ma- 
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‘core in this interior region) are com- 
paratively idle. ‘lhey cut very few lines 
of force as they rotate, and therefore 
offer a wasteful resistance. Inventors 
have essayed to reduce tiis source of loss, 
by either fitting projecting flanges to the 
pole-pieces (as in Fein’s dynamo) or by 
using internal magnets (as in Jurgensen’'s 
dynamo), or else by flattening the ring 
into a disk form, so as to reduce the in- 
terior parts of the ring coils into an in- 
significant amount. This is done in the 
dynamos of Schickert and of Gulcher. 
In Fig. 26 is given the latest form of 


chines, but the ingenuity of inventors | 


has been exercised chiefly in three direc- 
tions ; the securing of practical continu- 
ity; the avoidance of Foucault currents 
in the cores, and the reduction of use- 
less resistance. In the greater part of 


these machines, the coils that form the, 


sections of the ring are connected in 
series, the end of one to the beginning 


of the next, so that there is a continuous | 


circuit all round, an attachment being | 


GULCHER’S DYNAMO (NEW PATTERN). 


made between each pair to a bar or seg- 


ment of the collector. Most inventors 
have been content to secure approximate 


|Gilcher’s dynamo. The field-magnets, 


continuity by making the number of sec- front and back of the ring, are united on 
tions numerous. One inventor, Pro- the right and left sides in a pair of hol- 
fessor Perry has built up a ring with low pole-pieces, which form cases over 
coils wound obliquely, so that the one the ring, covering a considerable part of 
coil reaches the neutral point before the | it. The collector is identical with that of 
preceding one has passed it. I cannot! Gramme, but very substantial. 

help doubting the advantage of this ar-| The drum armatures may all beregard- 
rangement; which, moreover, presents ed as modifications of Siemens’s well- 
mechanical difficulties in construction. known longitudinal shuttle-form arma- 
Pacinotti’s early dynamo had the coils | ture of 1856, the multiplicity of sections 
wound between projecting teeth upon an | of the coils affording practical continuity 


iron ring. Gramme rejected these cogs, 
preferring that the coils should be wound 
round the entire surface of the endless 
core. To prevent wasteful currents in 
the cores, Gramme employed for that 
portion a coil of varnished iron wire of 
many turns. In Gilcher’s latest dynamo, 
the ring-core is made up of thin flat 
rings cut out of sheet iron, furnished 
with projecting cogs, and laid upon one 


‘in the currents. In some of Siemens’s 
_machines the cores are of wood, overspun 
with iron wire circumferen.ially, before 
receiving the longitudinal windings. In 
‘another of their machines there is a 
stationary iron core, outside which the 
hollow drum revolves ; in other machines 
‘again, there is no iron in the armature 
beyond the driving-spindle. In all of the 
‘Siemens armatures the individual coils 
occupy a diametral position with respect 


another. The parts of the coils which 
pass through the interior of the ring to the cylindrical core, but the mode of 
(in spite of the late M. Antoine connecting up the separate diametral sec- 
Breguet’s ingenious proof that some | tions is not the same in all. In the older 
of the lines of force of the field bent |of the Alteneck-Siemens windings the 
round and turned back into the/sections were not connected together 
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symmetrically, the connections (for an | neighbor ; otherwise there will be in- 
eight-part collector) being as in Fig. 27. | creased liability to spark, and form ares 
But in the more recent machines a sym-| across the intervening gap. In Edison’s 
metrical plan has been adhered to, as| modification of the drum-armature, the 


shown in Fig. 28. 


ALTENECK-SIEMENS WINDING (OLD). 


winding, though symmetrical in one 

sense, is singular, inasmuch as the num- 
| ber of sections is an odd number. In 
| the first machines there were seven paths 
|as shown in Fig. 29, taken from Edison’s 
| Patent Specification. In his latest giant 
|machines, the number of sections is 
forty-nine. One consequence of this 
peculiarity of structure is that, if the 
| brushes are set diametrically opposite to 
| one another, they will not pass at the 
/same instant from section to section of 
the collector: one of them will be short 
circuiting one of the sections, whilst the 


In this system, as in the Gramme ring, | 


the successive sections of coils ranged | 
round the armature are connected to-| 
gether continuously, the end of one sec- | 
tion, and the beginning of the next, | 
being both united to one segment or bar | 


Fig.28 


ALTENECK-SIEMENS WINDING (NEW). 


of the collector. A symmetrical arrange- 
ment is, of course, preferable, not only 
for ease of construction, but because it is 
important that there should never be any 
great difference of potential between one 
segment of the collector and its next 


EDISON'S WINDING. 


‘other is at the middle of the opposite 
collector. The armature of these latest of 
| Edison's dynamos (Fig. 30, frontispiece) is 
not wound up with wire, but, like some 
of Siemens’s electro-plating dynamos, is 
constructed of solid bars of copper, 
arranged round the periphery of a drum. 
| The ends are connected across by washers 
‘or disks of copper, insulated from each 
other, and having projecting lugs, to 
which the copper burs are attached. 
Such disks present much less resistance 
than mere strips would do. ‘The con- 
nections are in the following order: 
Each of the forty nine bars of the collect- 
or is connected to one of the forty-nine 
disks at the anterior end of the drum, 
which is connected, by a lug-piece on one 
side, to one of the ninety-eight copper 
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bars. The current generated in this bar 
runs to the further end of the machine, 
enters a disk at that end, crosses the 
disk, and returns along a bar diametri- 
cally opposite that along which it started. 
The anterior end of this bar is attached 
to a lug-piece of the next disk to that 
from which we began to trace the connec- 
tionsit crosses this disk to the bar next but 
one to that first considered, and so round 
again. The two lug-pieces of the indi- 
vidual disks at the anterior end are, 
therefore, not exactly opposite each other 
diametrically, as the connections advance 
through J, of the circumference at each 
of the 49 paths. It will be noticed in 
Fig. 30 that the collector is very sub- 
stantially built, and that a screen is fixed 
between the collector and the rest of the 
armature, to prevent any copper-dust 
from flying back or clogging the insula- 
tion between the bars or disks. There 
are no fewer than five pairs of brushes, 
the tendency to sparking being thereby 
greatly reduced. The figure does not 
show the structure of the armature it- 
self, nor indicate the means taken to sup- 
press Foucault currents. The core of 
the armature is made of very thin disks 
of iron,* separated, by mica or asbestos 
paper, from each other, and. clamped 
together. Some exception may be taken 
to the use of such stout copper bars, ag 
being more likely to heat from local cur- 
rents than would be the case if bundles 
of straps, or laminz of copper were sub- 
stituted. And, indeed, the presence of 
the 4-horse power fan to cool the arma- 
ture, is suggestive that continuous run- 
ning is liable to heat the armature. 
Before passing on from the subject of 
armatures, it is worth while to mention 
the peculiarity of form of the Burgin 
armature, which has already been spoken 
of as consisting of eight, or in the newest 
Burgin machines, as constructed by Mr. 
R. E. Crompton, of ten rings, set side by 
side.t Each ring is made of a hexagonal 
coil of iron wire, mounted upon light 
metal spokes, which meet the corners of 
the hexagon. Over this hexagonal frame 
six coils of covered copper wire are wound, 
being thickest at the six points inter- 
mediate between the spokes, thus making 


* Disks of thin iron for a similar purpose are found 
; a dynamos of Jablochkoff, Weston, and Giil- 

t The —_% § armature exhibited, was kindly lent 
by Messrs. R. E. Crompton & Co. 


up the form of each ring to nearly a cir- 
cle. Each of the six coils is separated 
from its neighbor, and each of the ten 
rings is fixed to the axis ,, of the cir- 
cumference in advance of its neighbor, so 
that the 60 separate coils are, in fact, 
arranged equidistantly (and symmetri- 
cally, as viewed from the end) around the 
axis. There is a 60 part collector, each 
bar of which is connected to the end of 
one coil and to the beginning of the coil 
that is one-sixtieth in advance; that is, 
to the correspondirg coil of thenext ring. 
This armature has the great practical ad- 
vantages of being easy in construction, 
iight, and with plenty of ventilation. 

In the Elphinstone-Vincent dynamo 
there is a drum-armature of a somewhat 
distinct order, the separate coils being 
made of a rectangular form, and then 
laid upon the sides of a hollow papier- 
maché drum in an overlapping manner, 
and curved to fit it. The field isa complex 
one, with six eternal and six internal 
poles, and is very intense, owing to the 
proximity of these poles. The parallel- 
ogram-shaped coils are connected together 
so as to work as three machines, and feed 
three pairs of brushes; which may again 
be united, either tn series or in parallel, 
or may be used to feed three separate 
cirenits. 


CoLLEcToRS. 


In section ad of the first lecture, the 
main points to be observed in the con- 
struction of collectors are enumerated. 
Collectors of substantially such type. as 
there described are common to all 
dynamos of the first class, except only 
the Brush dynamo, in which there is a 
multiple commutator, instead of a col- 
lector. The collector of Pacinotti’s 
early machine differed only in having the 
separate bars alternately a little displaced 
longitudinally along the cylinder, but 
still so that the same brush could slip 
from bar to bar. Niaudet’s modification, 
in which the bars are radially attached to 
a disk, is a mere variety in detail, and is 
not justified by successful adoption. In 
the collector, as used in Weston’s dynamo, 
and in some forms of Schuckert’s dynamo, 
the bars are oblique or curved, without, 
however, any other effect than that 
of prolonging the moment during which 
the brush, while slipping from contact 
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with one bar to contact with the next, servations taken upon a Gramme 
short-circuits one section of the coil. dynamo.* 

In a well-arranged dynamo of the first It can be seen that, taking the negative 
class, the sections of the collector are brush as the lowest point of the circle, 
traversed by currents, which run from the potential rises perfectly regularly to 
the negative brush in two directions a maximum at the positive brush. The 
round the successive coils, and meet at same values are also plotted out as or- 








DIAGRAM OF POTENTIAL ROUND THE DIAGRAM OF POTENTIAL ROUND THE COL- 
COLLECTOR OF GRAMME DYNAMO. LECTOR OF A BADLY-ARRANGED DYNAMO. 


that bar of the collector which touches dinates upon a horizontal line in Fig. 32. 
the positive brush. Each section of the This form of diagram shows very clearly 
coil thus traversed adds its own electro- | that the rise of potential is not equal 
motive force to the current passing | between each pair of bars, otherwise the 
through it. Consequently, if one/ curve wouldconsist merely of two oblique 
measures the difference of potential | straight lines, sloping right and left from 
between the negative brush and the | the central point. On the contrary, there 
successive bars of the collector, one | is very little difference of potential between 
finds that the potential increases re-|the collector bars close to the + brush 
gularly all the way round the collect-|on its right and left respectively. The 
ing cylinder, in both directions, becom | greatest difference of potential occurs 
ing a maximum at the opposite side | where the curve is steepest, at a position 
where the positive brush is. This can | nearly 90° from the brushes, in fact, at 
be verified by connecting one terminal | that part of the circumference of the col- 
Fig.32 
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HORIZONTAL DIAGRAM OF POTENTIALS AT 
COLLECTOR OF GRAMME DYNAMO. 


| 

| 

| HORIZONTAL DIAGRAM OF POTENTIALS AT 
| COLLECTOR OF FAULTY DYNAMO. 


of a voltmeter to the negative brush, and | lector which is in connection with the 
touching the rotating collector at different | coils that are passing through the position 
points of its circumference with a small | of best action. Were the field perfectly 
metallic brush or spring attached by a uniform, the number of lines of force 
wire to the other terminal of the voltmeter. | that pass through a coil ought to be pro- 
If the indications thus obtained are| portional to the sine of the angle which 
plotted out round a circle corresponding | the plane of that coil makes with the 
to the circumference of the collector, the * This diagram was plotted for me, and the measure- 
values give a curve like that shown in | ments made at my request, by Mr. W. M. Mordey, who 


; what : first drew my attention to some of the abnormal 
Fig. 31, which is plotted out from ob- phenomena mentioned later. 
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resultant direction of the lines of force 
in the field, and the rate of cutting the 
lines of force should be proportional to 
the cosine of thisangle. Now the cosine 
is a maximum when this angle = O°; 
hence, when the coil is parallel to the 
lines of force, or at 90° from the brushes, 
the increase of potential should be at its 
greatest—as it is very nearly realized in 
the diagram of Fig. 32, which, indeed, is 
very nearly a true “ sinusoidal” curve. 
Such curves, plotted out from measure- 
ments of the distribution of potential at 
the collector, show not only where to 
place the brushes to get the best effect, 
but enable us to judge of the relative 
“idleness” or “activity” of coils in dif- 
ferent parts of the field, and to gauge 
the actual intensity of different parts of 
the field while the machine is running. 
If the brushes are badly set, or if the 
pole-pieces are not judiciously shaped, 
the rise of potential will be irregular, 
and there will be maxima and minima of 
potential at other points. An actual 
diagram, taken from a dynamo in which 
these arrangements were faulty, is shown 
in Fig. 33, and again is plotted horizon- 
tally in Fig. 34; from which it will be 
seen, not only that the rise of potential 
was irregular, but that one part of the 
collector was more positive than the 
positive brush, and another part more 
negative than the negative. The brushes, 
therefore, were not getting their proper 
difference of potential; and in part of 
the coils, the currents were actually being 
forced against an opposing electromotive 
force, 

I believe that this method of plotting 
the distribution of potential round the col- 
lector will prove very useful in practice. 
and will explain various puzzling and 
anomalous results found by experimenters 
who have not known how to explain them. 
In a badly-arranged dynamo, such as that 
giving such a diagram as Fig. 33, 2 second 
pair of brushes, applied at the points 
showing maximum and minimum po- 
tential, could draw a good current with- 
out interfering greatly with the current 
flowing through the existing brushes! 
In fact, I find that this bad distribution, 
giving rise to anomalous maxima and 
minima, has actually been patented by a 
gentleman of the name of Kennedy,* who 


Steen 


* British patent, No. 1,640 (1882). 
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puts brushes on siz different points of a 
collector ! 

Curves, similar to those given, can be 
obtained from the collectors of any dy- 
namo of the first class—Gramme, Sie- 
mens, Edison, &c.—saving only from the 
Brush machine, which, having no such 
collector, gives diagrams of quite a dif- 
ferent kind. It is, of course, not need- 
ful in taking such diagrams that the 
actual brushes of the machine should be 
in contact, or that there should be any 
circuit between them, though in such 
cases the field-‘magnets must be separate- 
ly excited. It should also be remem- 
bered that the presence of brushes, 
drawing a current at any point of the 
collector, will alter the distribution of 
potential in the collector; and the man- 
ner and amount of such alteration will 
depend on the position of the brushes, 
and the resistance of the circuit between 
them. 


Tue Brusu Dynamo. 


Before passing on to the dynamos of 
the second class, I have some remarks to 
make on that much mis-understood and 


'mis-described machine, the Brush dy- 


namo. Its armature—a ring in form, 
not entirely overwound with coils, but 
having projecting teeth between the 
coils like the Pacinotti ring—is unique. 
Though it thus resembles Pacinotti’s ring, 
it differs more from the Pacinotti armature 
than that armature differs from those of 
Siemens, Gramme, Edison, Burgin, 
&e.; for in all those the successive sec- 
tions are united in series all the way 
round, and constitute, in one sense, one 
continuous bobbin. But in the Brush 
armature there is no such continuity. 
The coils are connected in pairs, each 
‘to that diametrically opposite it, and 
carefully isolated from those adjacent 
to them. For each pair of coils there 
is a separate commutator, so that, for 
the ordinary ring of eight coils, there 
are four distinct commutators side by 
side upon the axis—one for each pair 
of coils. The brushes are arranged so 
as to touch at the same time the com- 
mutators of two pairs of coils, but 
never of two adjacent pairs; the adja- 
cent commutators being always connected 
to two pairs of coils that lie at right 
angles to one another in the ring. The 
|arrangement is best studied graphically 
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from the diagram given in Fig. 35.* In 
this figure, the eight coils are numbered 
as four pairs, and each pair has its 
own commutator, to which pass the 
outer ends of the wire of each coil, 
the inner ends of the two coils being 
united across to each other (not shown 
in the diagram). In the actual machine, 


passing through it is a maximum, and 
the rate of change of these lines of 
force a minimum) is cut out of con- 
nection. This is accomplished by caus- 
ing the two halves of the commutator 
to be separated from one another by 
about one-eighth of the circumference 
at each side. In the figure it will be 


Fig.35 
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DIAGRAM OF THE BRUSH DYNAMO. 


each pair of coils, as it passes through 
the position of least action (2. e., when 
its plane is at right angles to the di- 
rection of the lines of force in the field, 
and when the number of lines of force 





* This diagram I have constructed somewhat on the 
lines of a working model kindly lent me by Mr. Percy 
Allen, of the Anglo-American Corporation : which, 
however, was designed to show the action of larger 
ae, having twelve coils on the ring and six com- 


|seen that the coils marked 1, 1, are 


“cut out.” Neither of the two halves 
of the commutator touches the brushes. 
In this position, however, the coils 3, 
3, at right angles to 1, 1, are in the 
‘position of best action, and the current 
powerfully induced in them flows out 
of the brush marked A, (which is, there- 
fore, the negative brush) into that 
‘marked A’. This brush is connected 
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across to the brush marked B, where 
the current re-enters the armature. 
Now, the coils 2, 2, have just left the 
position of best action, and the coils 
4, 4, are beginning to approach that 
position. Through both these pairs of 
coils, therefore, there will be a partial 
induction going on. Accordingly, it is 
arranged that the current, on passing 
into B, splits, part going through coils 
2, 2, and part through 4, 4, and re- 
uniting at the brush B’, whence the 
current flows round the coils of the 
field-magnets to excite them, and then 
round the external circuit, and back to 
the brush A. (In some machines it is 
arranged that the current shall go round 
the field-magnets after leaving brush A’, 
and before entering brush B; in which 
ease the action of the machine is some- 
times, though not correctly, described as 
causing its coils, as they rotate, to feed 
the field-magnets and the external circuit 
alternately). The rotation of the arma- 
ture will then bring coil 2, 2, into the 
position of least action, when they will 
be cut out and the same action is re 
newed with only a slight change in the 
order of operation. The following table 
summarizes the successive order of con- 
nections during a half revolution : 


First position. (Coils 1 eut out.) 
A-3—A; Bes DB; 
Field magnets— External circuit — A. 
Second position. (Coils 2 cut out.) 
A@i >A; B-4-B; 
Field magnets — External circuit —A. 
Third position. (Coils 3 cut out.) 
A—1—A; B@?>B; 
Field-magnets— External circuit—A. 
Fourth position. (Coils 4 cut out.) 
Agi >A; B—2—B; 
Field-magnets— External circuit—A. 
From this it will be seen that which- 
ever pair of coils is in the position of 
best action, is delivering its current di- 
rect into the circuit; whilst the two 
pairs of coils which occupy the second- 
ary positions are always joined in parallel 
the same pair of brushes touching the 


respective commutators of both. 
One consequence of the peculiar ar- 


rangement thus adopted is, that measur- 
ing the potentials round one of the com- 
mutators with a voltmeter gives a wholly 
different result from that obtained 
with other machines. For one-eighth 
of the circumference on either side 
of the positive brush, there is no sensible 
difference of potential. There then comes 
a region in which the potential appears to 
fall off ; but the falling off is here partly 
due to the shorter time during which the 
adjustable brush connected with the volt- 
meter and the fixed positive brush are 
both in contact with the same part of the 
commutator. Further on there isa region 
in which the voltmeter gives no indications 
corresponding to the cut out position ; 
and again, on each side of the negative 
brush, there is a region where the polarity 
is the same as that of the negative brush. 
Fig. 36 is a diagram of a 6-light Brush 


Figi36 


a. 


DIAGRAM OF POTENTIALS AT COMMUTATOR 
OF BRUSH DYNAMO. 


taken at one commutator, the main + 
brush being, however, allowed to rest (as 
in its usual position), in contact with 
both this commutator and the adjacent 
one. 

From the foregoing considerations, it 
will be clear that the four pairs of coils 
of the Brush machine really constitute 


four separate machines, each delivering 


alternate currents to a commutator, which 
commutes them to intermittent uni- 
directional currents in the brushes ; and 
that these independent machines ar 
ingeniously united in pairs by the devic® 
of letting one pair of brushes prese 
against the commutators of two pairs os 
coils. Further, that these paired maf 
chines are then connected in series, by- 
bringing a connection round from brush 
A’ to brush B. 

The following. experiment illustrates 
the independence of the four pairs of 
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coils in the Brush dynamo.* The usual 
commutators of a small Brush dynamo 


were removed and replaced by eight brass | 
collars, to each of which was united one | 


end of one of the four pairs of coils. 
Against these rings pressed eight separate 
brushes, and the circuit of each of the 


four pairs of coils was completed, as_ 


shown in Fig. 37, through an ordinary 
detector galvanometer. On rotating the 
armature by hand, at a moderate speed, 
the needles of ali four detectors are set 


vibrating to and fro by the alternate cur- | 


rents, not synchronously, but one after 
the other. If any of the four circuits 
are broken, the others go on as before. 


| circuit, is furnished with the radial col- 
‘lector mentioned above. In the Wallace. 
Farmer dynamo is very nearly realized 
the condition of field of Fig. 13, there 
being a pair of poles at the top arranged 
so that the north faces the south pole, and 
another pair at the bottom where the 
south faces the north pole. The coils are 
carried round, their axis being always 
parallel to the axis of rotation, upon a 
disk ; there being two sets of coils on 
opposite faces of two disks of iron set 
back to back. They are united precisely 
as in Niaudet’s dynamo, and each disk 
has its own collector. Each bar of the 
|collector is, moreover, connected, as in 





BRUSH DYNAMO ARRANGED WITH 4 DETECTOR GALVANOMETERS SHOWING ALTERNATE 
CURRENT INDUCED IN INDEPENDENT PAIRS BY COILS. 


Dynamos OF THE SECOND Crass. 


F T now pass on to dynamos of the second 
class, in which coils are carried round to 


different parts of a magnetic field, whose | 


intensity differs in different regions, or 
one, in different parts of which the lines 
of force run in opposite directions. Fig. 
13 of my first lecture illustrated this 
principle ; and we shall now consider how 
it is carried out in practice. In the early 
machine of Pixii a single pair of coils 
was mounted so as to pass in this fashion 


through parts of the field where the} 


magnetic induction was oppositely direct- 
ed. Such a machine, therefore, gives 


alternate currents, unless a commutator | 


be affixed to the rotating axis. Niaudet’s 
dynamo, which may be regarded as a 
compound Pixii mcahine, having the 


separate armature coils united as those of | 


Gramme and Siemens into one continuous 





* This beautiful experiment was first shown me 
Mr. P. Allen, who kindly fitted up the little Brus 
dynamo with the eight collars for this occasion. 


'and the beginning of the next. 


| disks such as these. 


| center. 
|quadrangular shape, and flat form, are 


‘the dynamos of Pacinotti, Gramme, 
Siemens, &c., with the end of one coil, 
In fact, 
the -Wallace-Farmer machine is merely a 
double Niaudet dynamo with the cylindri- 
cal collectors. There is a serious ob- 
jection to the employment of solid iron 
In a very short time 
they grow hot from the eddying Foucault 
currents engendered in them as they 
rotate. This waste reduces the efficiency 
of the dynamo. In the dynamo of Hop- 
kinson and Muirhead, the disk-armature 
takes a more reasonable shape. Instead 
of asolid disk of iron to support the 
coils, there is a disk built up of a thin 
iron strip wound spirally round a wooden 
The coils, of approximately 


wound upon the sides of this compound 
disk. The dynamo of Ball (the so-called 
| * Arago-disk” machine) is similar in many 


by | respects, but has no iron cores to the 


| armature coils. 
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ALTERNATE-CURRENT Dynamos. to connect them up, as shown in the 
figure, so that they shall not oppose one 
But by far the most important of the | another's action. 
dynamos of this second class are those| In Wilde's dynamo, the armature coils 
usually known as «/ternate-current ma-\| have iron cores, and the machine is pro- 
chines. This type of dynamo was origin- vided with a commutator on the same 
ally created by Wilde, in 1867. The field | principle as that used by Jacobi in his 
magnets, consist of two crowns of fixed | famous motor of 1838, consisting of two 
coils, with iron cores, arranged so that metal cylinders, cut like crown wheels, 
their free poles are opposite to one an-|having the teeth of one projecting 
other, with a space between them suf-| between those of the other, so that the 
ficently wide to admit the armature. The|brushes make contact against them 
poles taken in order round each crown | alternately as they rotate. The brushes 
are alternately of north and south |are, of course, fixed, so that they do not 
polarity, and opposite a north pole of one both touch the same part. This com- 
crown faces a south pole of the other! mutator Wilde usually applied to a few, 
crown. This description will apply to, or only one, of the rotating coils, and 
the magnets of the alternate current) utilized the current thus obtained to 
machines of Wilde and Siemens, to the) magnetize the field-magnets. The main 
so-called Ferranti machine, and, with| current was not so commuted, but was 
certain reservations, to the machines of | led away from a simple collector, con- 
Lachausée and of Gordon. The armatures | sisting of two rings connected to the two 
in almost all machines of this tvpe con- | ends of the armature circuit, each being 
pressed by one brush. 
Fig. 38. | Siemens prefers to use a separate direct 
current machine to excite the field-mag- 
‘nets of alternate-current dynamo. In 
|the armature of the latter the coils 
‘are wound usually without iron, upon 
;wooden cores. In some forms of 
'the machine, the individual coils are en- 
| closed between perforated disks of thin 
|German-silver. When currents of great 
| strength are required, but not of great 
| electromotive force, the cvils are coupled 
| up in parallel arc, instead of being united 
in. series. 
In a dynamo by Lachausée, which very 
| strikingly resembles the preceding one, 
| there is iron in the cores of the rotating 
coils. But the main difference is that the 
| rotating coils are the field magnets, ex- 
|cited by a separate Gramme dynamo, 
PRINCIPLE OF ALTERNATE-CURRENT DYNAMOS. | whilst the coils, which are fixed in two 
| crowns on either side, act as armature 
sists of a disk, bearing at its periphery coils in which currents are induced. 
a number of coils, whose axes are| Gordon’s dynamo, the largest yet con- 
parallel to the axis of rotation. The structed, is constructed on the same lines 
principle will be best understood by|as the Lachaussée machine ; but with 
reference to Fig. 38, which gives a general | many important improvements. In the 
view of thearrangement. Since the lines first place, there are twice as many coils 
of force run in opposite directions be-|in the fixed armatures as in the rotating 
tween the fixed coils, which are alternately | magnets, there being 32 on each side of 
S—N, N—S, as described above, the mov-| the rotating disk, or, in all, 64 moving 
ing coils will necessarily be traversed by | coils ; while there are 64 on each of 
alternating currents ; and as the alternate the fixed circles, or 128 stationary coils 
coils of the armature will be traversed by|in all. The latter are of an elongated 
currents in opposite senses, it is needful|shape, wound upon a bit of iron boiler- 
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plate, bent up to an acute V form, with) The advantage of the armature of zig- 
checks of perforated German silver as | | zag copper lies in its simplicity of con- 
flanges. ‘he object of thus arranging | ‘struction. Sir W. Thomson, who is the 
the coils, so that the moving ones shall | real inventor of this armature, proposed 
have twice the angular breadth of the’ originally that the copper strips should 
fixed ones, is to prevent adjacent coils of be wound between projecting teeth on a 


the fixed series from acting detrimentally, | 
by induction, upon one another. The) 


wooden wheel, as indicated Fig. 40, in 


alternate coils of the fixed series are! 


united together in parallel arcs, so that 


there are two distinct circuits, in either | 


or both of which lamps can be placed ; 
or they can be coupled up together. 


Great care appears to have been taken, | 


in the construction of this large machine, | 
to guard against the appearance of| 
Foucault currents, by arranging the| 
cores, frames, and coils, so that all metal 
parts of any size shall be slit, or other-| 
wise structurally divided at right-angles | 
to the direction of the induced electro- 
motive forces. 


DIAGRAM OF FERRANTI’S ALTERNATE- 
CURRENT DYNAMOS. 


Yet another alternate-current dynamo, 
identical in many respects with the 
Siemens alternate-current dynamo, has 
lately been brought out, under the name 
of the Ferranti machine. As in the ma- 
chines of Wilde and Siemens, the electro- 


magnets form two crowns with opposing | 


poles. The point of difference is the 
armature, which, like that of Siemens, 
has no iron cores in his coils; but which, 
unlike that of Siemens, is not made up of 
coils wound round cores, but consists of 
zigzags of strip copper folded upon one | 
another. There are eight loops in the'| 
zigzag (as shown in Fig. 39,) which 
depicts half only of the arrangement, and 
on each side are sixteen magnet poles ; so 
that, as in Gordon’s dynamo, the moving | 
parts are twice the angular breadth of the 
fixed parts. 





| SIR W. THOMSON’S ZIGZAG WINDING OF ARMA- 
TURE FOR ALTERNATE-CURRENT DYNAMO. 


oe is taken from the drawings of his 
British patent of December, 1881. He 
also proposed to use as field-magnets a 


form of electro-magnet of the kind known 
as Roberts, and also used by Joule, in 
which the wires that bring the exciting 
current are passed up and down, in a zig- 
zag form between iron blocks projecting 


SIR W. THOMSON’S PROPOSED FIELD MAGNETS. 


from an iron frame. Fig. 41 shows the 
form, as indicated in the specification, 
the conducting strips being wound round 
between wrought-iron projections screwed 
to a cast-iron frame. [am notaware that 
bw particular suggestion has been 
adopted as yet in practice. 

Mucb more might be said concerning 
the two machines last described—the 
Gordon and the Thomson dynamos—but 
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time does not permit me to dwell longer 
upon them. And, indeed, I am not at all 
convinced that this type of machine, 
though at present it appears to be the 
fashionable one, is destined to prove of 
such very great value, simply because I 
doubt whether any dynamo that yields 
alternate currents can compete with con- 
tinuous-current machines. For the pur- 
poses of a general system of distribution, 
where more than one dynamo must be 
available, and also for the purpose of 
supplying motors, alternate-current ma- 
chines are quite out of the question. I 
will not therefore dwell longer upon 
them, than merely to remark that, be- 
sides the disk armatures now described, 
pole armatures have been employed in 


SIR W. THOMSON’S ‘‘ MOUSE-MILL” DYNAMO. 


alternate-current machines by Gramme, 
Jablochkoff, and by Lontin. Hefner 
Alteneck has gone a stage further, and, 
by the device of employing a disk arma- 
ture in which the number of coils differed 
by two, or some other even number, from 
those of the field, and by the employment 
of a multiple-bar collected with compli- 
cated cross connections, has succeeded in 
converting this type of dynamo into a 
continuous-current machine. 


Tuomson’s “ Movse-miti” Dynamo. 


One other dynamo, not belonging to 
the type I have been dealing with, is 


worthy of mention. This is Sir W. 
Thomson's “ mouse-mill ” dynamo, shown 
Vor. XXVIII.—No. 4—20. 


in Fig. 42, in diagram. I have noticed, 
en passant, several points in this ma- 
chine—the form of its field-magnets and 
their coils, the internal electro-magnets, 
etc. The armature is a hollow cylinder, 
S S, made up of parallel copper bars, ar- 
ranged like the bars of a mouse-mill 
(whence the name of the machine). These 
bars are insulated from each other, but 
are connected all together at one end. At 
the other they serve as collector-bars, and 
deliver up the currents generated in them 
to the “ brushes,” which here are rotating 
disks of springy copper shown as dotted 
circles at C C in the figure. As the arma- 
ture is a hollow barrel, with fixed electro- 
magnets witwin, it cannot be rotated on a 
spindle, but runs on friction rollers, 
A A’, by one or more of which itis driven. 


Dynamos oF THE Turrp Crass. 


I now come to the third class of dyna- 
mos—those in which rotation of a con- 
ductor effects a continuous increase in 








BARLOW’S WHEEL. 


the number of lines of force cut by 
the device of arranging one part of the 
conductor to slide on or round the mag- 
net. 

The earliest machine which has any 
right to be called a dynamo was, in fact, 
of this class. Barlow and Sturgeon had 
shown that a copper disk, placed between 
the poles of a magnet, Fig. 43 rotates in 
the magnetic field when traversed by an 
electric current from its axis to its per- 
iphery, where thereis a sliding contact. 
Faraday, in 1831, showed that by rotat- 
ing a similar disk mechanically between 
the poles of a magnet continuous cur- 
rents were obtained. These he drew off 
by collecting springs of copper or lead, 
one of which touched the axis (see Fig. 
44), whilst the other pressed against the 
amalgamated periphery. He was thus 
“able to construct a new electrical ma- 
chine.”* 


*“* Experimental Researches,”’ § 83. 
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“Here, therefore, was demonstrated Mr. S. Alfred Varley, about the year 
the production of a permanent (é. ¢. con-| 1862. He rotated an iron magnet ina 
tinuous) current of electricity by ordinary | vertical frame, having a mercurial connec- 
magnets.” But Faraday did not stop) tion at the center. The current which 
short with ordinary magnets ; he went on | flowed from both ends of the magnet to- 
to employ the principle of separate ex-| ward the center was, in this machine— 
citement of his field-magnets. “These which, by the kindness of Mr. Varley, I 
effects were also obtained from electre- jam able to exhibit to you to-night— 
magnetic poles, resulting from the use|made to return to the machine, and to 
of copper helices or spirals, either| pass through coils surrounding the poles 
alone or with iron cores. ‘The directions /of the rotating magnet; thus anticipat- 
of the motions were precisely the same;|ing the self-exciting principle of later 
but the action was much greater when|date. Mr. Varley also proposed to use 
the iron cores were used, than without.”* |} an external electro-magnet to increase 
The invention of the dynamo dates, | the action. 
therefore, from 1831, and Faraday was its 
inventor, though he left to others to reap Fig. 45. 
the fruits of his splendid discovery. 
Such a machine, however, is impractica- 
ble, for several reasons; the peripheral 
friction is inadmissible on any but a 
small scale; moreover, the disposition of 
the field-magnets necessarily evokes 


Fig. 44. 








FARADAY'S DISK DYNAMO. 
ROTATION OF CONDUCTOR ABOUT POLE 


wasteful eddy-currents in the disk, which, OF MAGNET. 
even if slit radially, would not be an ap- 
propriate form of armature for such a lim- 
ited magnetic field. 


Another method of obtaining a con- 


Quite recently, the same fundamental 
idea has been worked upon by Messrs. 


; - f the Ii ff . | Siemens and Halske, who have produced 
tinuous cutting of the lines of force, is/ » go-called “unipolar” machine.* In this 


indicated in Fig. 45, where a sliding con-| yemarkable dynamo there are two cylin- 
ductor travels round the pole of a mag- | ders of copper, both slit longitudinally 
net. Faraday even generated continuous to obvitate eddy-currents, each of which 
currents by rotating a magnet with a) rotates round one pole of a U-shaped 
sliding connection at its center, from | electro-magnet. A second electro-mag: 
which a conductor ran round outside, | net, placed between the rotating cylin- 
and made contact with the end-pivots af o 





hich 14 | ders, has protruding pole-pieces of arch- 
which supported the magnet. ng form, which embrace the cylinders 


|above and below. Each cylinder, there- 
fore, rotates between an internal and an 
external pole of opposite polarity, and 


A similar arrangement was devised by 





* “* Experimental Researches,” § 111. 

+ ‘Experimental Researches,” § 158:—‘“I have 
rather, however, been desirous of discovering new 
facts and new relations dependent on magneto-elec- 
tric induction, than of exalting the force of those 
already obtained ; being assured that the latter would 
find their full development hereafter.” Can any pas- 
sage be found in the whole range of science more 
profoundly prophetic, or more characteristically 
philosophic, than these words, with which Faraday 
closed this section of his researches? 


* This sounds like a /ocus a non lucendo, for the ma- 
chine has two poles. But the name is derived from 
the term “unipolar induction,” which Continental 
electricians give to the induction of currents by the 

rocess of ‘‘continuous cutting,” which we are now 
ealing with. I do not adopt the term, as it is need- 
| lessly mystifying. 
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consequently cuts the lines of force con- | 
tinuously by sliding upon the internal | 
pole. ‘he currents from this machine | 
are of very great strength, but of only a) 
few volts of electromotive force.. To! 
keep down the resistance, many collect- 
ing brushes press on each end of each 
cylinder. This dynamo is actually at 
work for electro-plating. 


The only other dynamo of this class, | 


of which I have seen any published no- 
tice, is one recently patented by Mr. E. 
L. Voice, in which a coil armature, wound 
upon an iron ring, is so placed that the 
iron ring is itself one pole of a magnet, 
a projecting pole-piece from the other 
pole being fixed near it, so that the coils 
fixed upon one pole glide round and cut 
the lines of force proceeding from the 
other pcle. Whether this machine will 


be a practical one remains to be seen. 
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We are, however, far from having ar- 
rived at finality in the design and con- 
struction of dynamo-electric machines. All 
we can yet say is, that we appear to be ap- 
proaching the time when practice will no 


longer be a species of blundering along 


into success or failure. For every-day 


‘theory is more brought to bear in prac- 


tice, and will soon enable us to predict 
with certainty beforehand what will be 
the merit of a dynamo of any particular 
design ; and even to say not only what 
its cost will be, and what its efficiency 
and maximum duty, but also how many 
volts of electromotive force, and how 
many ampéres of current it will put at 
our disposal. In short, the application of 
theory in the manufacture of dynamos 
must rapidly lead to great and substan- 
tial improvements in the dynamo in 
practice. 


NORWEGIAN GEODETICAL OPERATIONS.* 


From “ Nature.” 


In 1861 an Association was formed, | 
/commence a new triangulation extending 
‘in a chain from the Swedish frontier 


under the auspices of Lieut.-General von 
Baeyer, having for its object the meas- 


urement of arcs of meridians, and par-| 
‘connected with the Swedish triangula- 


allels, in Europe. Most of the Conti- 
nental nations joined this Association, 
and have carried out triangulations and 
spirit levellings of precision to further 
the objects in view. It is the intention 
of the Association to measure an arc ex- 
tending from Palermo to Levanger in 


Norway, which will, however, probably | 
The | 


be extended to the North Cape. 
work before us is the report of the meas- 
urement of two base lines, and of their 
connection with the Norwegian triangula- 
tion which is toform part of the measure- 
ment of the above-mentioned are. [t was 
thought in 1862 that the existing Nor- 
wegian triangulation, supplemented and 
verified by some new work, would meet 
the requirements of the Association ; 
but it was found, on investigation, that 
such was not the case, and moreover that 
the verifications could not be carried 
out, because the old trigonometrical sta- 
tions could not be refound with any cer- 


* Publications of the Norwegian Committee of the 

European Association for the Measurement of De- 
es. Geodetical Operations. Published in Three 
rts. (Christiana, 1880 and 1882.) 


tainty. It was, therefore, decided to 


(south of Christiana), where the chain is 


tion, to Levanger, where again a connec- 
tion is to be made with another portion 
of the Swedish triangulation. The two 
base lines already mentioned are situated 
at the extremities of this chain of tri- 
angles, one at Egeberg, near Christiana, 
and the other at Rindenleret, near Le- 
vanger; both were measured during the 
summer of 1864, and Part I. is the re- 
port of these measurements. 

The base measuring apparatus used is 
similar to that employed by Struve for 
the measurement of several base lines in 
Russia; it belongs to the Swedish Gov- 
ernment, and was used for the measure- 
ment of their base lines. The apparatus 
consists of four cast-iron tubes, each ap- 
proximately 2 toisest in length: One 
end of each tube is fitted with a small 
highly polished steel stud, and the other 
end with a “contact lever.” The short 
arm of the contact lever terminates in a 
steel stud, which is intended to press 


+ A toise is 2.13151116 yards as determined by Col. A. 
R. Clarke, C.B., R.E., F.R.S., &e. 
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against the fixed stud of the adjoining 
tube; the long arm moves on a scale. A 
measuring rod capable of varying its 
length to a slight extent is thus obtained, 
and this alteration in length can be meas- 
ured with great delicacy, since the long 
arm of the lever greatly exaggerates it. 
This arrangement insures that the press- 
ure between the rods is constant. Each 
tube is provided with two thermometers, 
the bulbs of which are bent nearly at 
right angles to the stem, and are inserted 
into small holes in the tubes. In order 
to protect the tubes as far as possible 
from changes of temperature they are 
wrapped round with several thicknesses 
of cloth, and are further inclosed in a 


wooden box, out of which the two ends, 
‘set of readings consisted in first meas- 


of tube just project. During the meas- 


urement of a base line each rod is sup-, 


ported on two trestles, at one-fourth and 
three-fourths of its length, provided with 
screw arrangements giving slow motions 
laterally and in elevation. The rods are 
not, however, accurately levelled, and a 
correction has to be made for dislevel- 
ment. To measure the small angle of 
inclination each rod is fitted with a very 
sensitive level. One end of the level 
works on trunnions, the other is con- 
nected to a micrometer screw by means 
of which the level can be raised or low- 
ered. The bed of the level is attached 
to the top of the box, but in such a man- 
ner that it can be adjusted truly parallel 
to the tube. The value of each microm- 
eter division was determined by means 
of the meridian circle in the observatory 
at Christiana. It will be seen from the 


above that, as the measurement of a base | 


line proceeds, the following readings are 


required for each rod: (1) the contact | 


lever; (2) the thermometers; (3) the 


micrometer for inclination. These read-| 


ings were taken and booked independ- 
ently by two observers. Both base lines 
were measured twice, once in each di- 
rection. 

Before and after the measurement of 
each base line each rod was compared 
with a standard rod, the exact length of 
which was known, namely : 
=1727.96641 (1 + 0.000011476 

(¢—16°.25)) + 0.00058 


expressed in Paris lines* based on Bes- 





*A Paris line is defined by 1 Paris line=,}, toise; 
hence 1 Paris line=0.08813 English inch. 


sel’s toise, ¢ being expressed in degrees 
Centigrade. It was found that the rods 
were slightly dimished in length during 
the measurement of a base line (on an 
average 0.005 lines) owing to abrasion, 
An allowance was made for this diminu- 
tion in length. ‘Ihe apparatus with 
which these comparisons were made con- 
sists of a massive cast-iron beam, turned 
up at both ends, and carrying two sup- 
ports fitted with rollers upon which the 
rod to be measured rests. One end of 
this beam is fitted with a fixed steel 
stud, against which the contact lever of 
the rod under comparison bears; the 
other end carries a sliding scale, con- 
nected with a contact lever, and read by 
means of a micrometer microscope. A 


uring the standard rod, then each of the 
jour measuring rods in succession, and 
lastly the standard rod again: the tem- 
perature of each rod was carefully noted. 
For a complete comparison twelve such 
sets of readings were taken. 

The time occupied in measuring the 
Egeberg base was 18 days, and the ob- 
servations for each measuring rod occu- 
pied 4 minutes; the Rindenleret base 
was measured mcre rapidly, namely, 24 
minutes per rod, due to the site being 
more level. 

A considerable portion of Part I. is 
taken up in considering the errors to 
which the measurements of these base 


‘lines are liabie, in estimating the allow- 


ances to be made to correct these errors 
and in computing the probable errors of 
the final results. These errors are due: 
(1) to errors of observation in the actual 
measurement of the base lines; (2) to 
the error in the adopted length of the 
measuring rods. 

Firstly, the errors to which the actual 
measurement of a base line is liable are 
as follows: 

A slight uncertainty attaches to the 
micrometer readings of the levels meas- 
uring the inclination of the rods. ‘The 
probable error is computed to be 
+ 0.350 lines 


“ 


Egeberg base 
Rindenleret base 


The errors due to the contact levers 
are next considered. It is shown that 
the error caused by the small uncertain- 
ty in the value of a degree of the scale 
over which the long arm of the lever 
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moves, is too small to be taken into ac- | 
count, but the error caused by uncer- | 
tainties in reading the scale is of sensi- | 
ble amount, and is computed to be 


+0.015 lines 
0.014 “ | 


Further, the surface of the steel studs, | 
at the end of the rods, is a por-' 
tion of a sphere whose radius is consid- 

erably less than the length of a rod. 

Hence an error will occur each time a 

contact lever does not touch at the cen- 

ter of the stud, that is if it makes an ec- 

centric contact, and although every care 

was taken to obtain accurate contacts, it 

is considered that a correction of the fol- 

lowing amounts should be made— 


Egeberg base — 0.351 + 0.175 lines 
Rindenleret base...—0.31440.157 “ 


The next source of error is that due 
to errors in alignment, these errors will 
always be negative, and are due to the 
uncertainty in placing the rods in the 
line given by the directing theodolite. 
This error is computed to amount to 
—0.294+0.101 lines. 


“ 


Egeberg base | 
Rindenleret base 


Egeberg base 
Rindenleret base. . . —0.262+ 0.090 


285 





total error in the allowance made for ex- 
pansion is found to be 


Egeberg base +0.085 + 0.525 A 
Rindeleret base + 0.071 + 0.250 A 


where A =20. + 5.9 minutes. 


Secondly, the errors due to the uncer- 
tainty in the accepted length of the rods 
are considered under four heads, name- 
ly: (1) the error in the length of the 
standard rod; (2) the error due to the 
bending of the beam of the comparing 
apparatus (some experiments were made 
to obtain data for the calculation of this 
error); (3) the error in comparing the 
rods with the standard; (4) the error 
due to the assumption that the diminu- 
tion in length of the rods by abrasion is 


| proportional to the length of time in use. 


The probable error of the accepted 
length of a rod during the measurement 


‘of the Egeberg base is computed to be 


+ 0.00081 lines, and during the measure- 
ment of the Rindenleret base + 0.00071 
lines. ’ 

Finally, the base lines had to be re- 
duced to the sea-level; data had been ob- 


tained for this purpose by means of 


spirit-levelling operations. The reduc- 


‘tion in the length of the base lines due 


| to this cause is 


The computed variation of length of 
the rods due to alterations in tempera- 
ture is vitiated by several errors. In the 
first place, the coefficient of expansion of 
the rods, as determined by Prof. Lind- 
hagen, is affected by the small uncer- 
tainty, 0.000000015. Further, the cor- 
rection for expansion is computed on the 
supposition that the thermometers do 
actually indicate the mean temperature | 
of the rods at the time of taking the 
readings; but this is an assumption. and 
in fact it is estimated that the tempera- 
ture indicated by the thermometers is 
the temperature the rod had 20.0+5.9 
minutes before taking the reading. This 
estimate is arrived at as follows: It will 
be remembered that each base line was 
measured twice; the difference between 
the two measurements is due to the vari- 
ous errors under consideration, and its 
probable value can, therefore, be com- 
puted ; this computed value will contain 
as an unknown, the time of which an es- | 
timate is required. Hence, by equating 
the computed difference to the actual dif- | 
ference the time can be found. The) 


—33.89 lines 


“e 


Egeberg base 
Rindenleret base 


Applying all these various corrections 
to the measured lengths of the base lines 
the final results are as follows: 


Egeberg base 2025.28316 toises, 


with a probable error of +0.00120, or 

1 . 
1,570,000 of its length. 
Rindenleret base 1806.3177 toises, 
with a probable error of +0.00120, or 


of its length. 


1 
1,500,000 
This is a high degree of accuracy as 
compared with older base lines (as for 
instance several base lines measured in 
France between 1798 and 1828, of which 


1 
350,000) oan 
this accuraccy has frequently been at- 
tained of late years, and even surpassed. 
as, for instance, the base line of Madrid- 


the probable errors are 
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ejos, measured by General Ibafiez, in 


, 1 
1858, with a probable error of 5,865,800" 
Part II. is the account of the connec- 
tion of the Egeberg base with the side 
Toass-Kolsaas, and Part III. that of the 
connection of the Rindenleret base with 
the side Stokvola-Haarskallen of the 
principal triangulation. The observa- 
tions were made during 1864-66, but 
owing to an error at one of the stations, 





vertically over the bolt. In these cases 
the corrections were computed in the 
following manner: A piece of paper, 
mounted on a board, was placed horizon- 
tally on the ground over the center of 
the station, and this center marked on it. 
Then, by means of a small theodolite, 
the “ traces” of the vertical planes pass- 
ing through the various points observed 
to, were marked in pencil on the paper. 
The theodolite was now shifted, and the 
corresponding traces marked as before ; 


due to the bisection of a wrong object, | the intersections of these traces gave a 
further observations were made at that series of points vertically beneath the 
station in 1877. The connection in each points on the signal to which observa- 
case is very complete, and the work is tions had been made. From _ these 
welltiedin. The centers of the trigono-| points, the corresponding bearings to 
metrical stations were very carefully de-| the various stations were plotted on the 
fined by letting an iron bolt into the paper; and, lastly, perpendiculars were 
rock, or, into a large block of stone; the dropped, from the point representing the 
center of the face of this bolt, marked by | center of the station, on to these bear- 
a small hole, was the trigonometrical sta- ings; the length of any one of these per- 
tion. The signals, to which the observa-' pendiculars divided by the approximate 
tions were taken, consisted of an upright distance to the corresponding station is 
beam, to which was attached one or two the tangent of the correction to be ap- 
boards about 0.75m. square, which were plied. 
painted white or black, and occasionally Two instruments were used for meas- 
a vertical stripe 0.11m. broad was painted uring the angles; a 10’ universal instru- 
on the center of the board. At several ment by Olsen, read by two micrometer 
of the stations the theodolite could be microscopes, and a 12” theodolite by 
placed beneath the signal, and at such sta- Reichenback, read by four verniers. The 
tions the signal was placed over the bolt, errors of graduation of these instru- 
but in several cases, owing to the nature ments were investigated, and are given 
of the ground, or otler causes, the trig- in a tabular form in Part II. Although, 
onometrical station had to be placed at owing to the numerous observations 
some distance from the signal, in one taken to each object starting from dif- 
case as much as 54 Norwegian feet. In ferent parts of the horizontal limb, the 
such cases the corrections to be applied errors of graduation must have been 
to the observations were obtained by eliminated to a very large extent, yet it 
measuring a short base line, one end of was thought advisable to apply these 
which was the trigonometrical station, corrections to the observations, in or- 
and the direction nearly at right angles der to obtain a more accurate idea of the 
to the line joining the station and the bearings of each station. The errors of 
signal. Observations were taken from the micrometer microscopes are also 
the ends of this base to the various given in a table. The 10” instrument 
points on the signal, which were bisected was used at all, the 12’’ theodolite ap- 
from the other stations, and these, to- pears to have only been used at two sta- 
ether with the observed bearings toand tions. A third instrument, a 10” uni- 
om the other stations, enabled the versal instrument by Breithaupt & Sons, 
necessary corrections to be made. The was used for the observations of 1877. 
greatest correction thus required was When observing, the instrument was 
10’ 37” .34. But even at stations where first set at 0°, and a round of angles 
the theodolite was placed beneath the taken; the telescope was then reversed 
signal, corrections were required to re- and the round taken again. The instru- 
duce the observations to the trigono-' ment was then set at 15° in the case of 
metrical station, because different points the triangulation connecting the Ege- 
on the signal were observed from the berg base, and at 20° (nearly) in the case 
other stations, and these points were not of the Rindenleret base triangulation, 
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and two rounds take.. as before. The 
instrument was then again moved on 15° 
and 20° respectively, and so on. Thus 
in the first case forty-eight, and in the 
second thirty-six observations were taken 


thus found, subject to the condition that 
the sum of the squares of these corrections 
for the whole triangulation is a minimum, 
and subject further to the geometrical 
conditions thatthe sum of the three angles 


to each station. In some few instances of a triangle=180+spherical excess, and 
even a greater number were taken. The that the length of any side is the sume 
actual observations are not given in the by whatever route it is calculated. The 
Report, only the mean of four observa- | necessary calculations are very laborious, 
tions—two taken in the same position! and in the case of the Rindenleret base 
of the horizontal limb, and two in that require the solution of simultaneous 
position increased by 180°. The time equations containing seventy-six un- 
occupied at each station averages four knowns. It is very questionable whether 
days; some stations were completed in the result repays this labor; the method 
two days. ,of compensation adopted for the Ord- 

The observations were compensated nance Survey, although perhaps not so 
by the method enjoined by the Associa- | rigid, compares favorably in this respect. 
tion for the Measurement of Degrees in The calculations for compensation are 


Europe, namely, Bessel’s method. ‘Ihe | 
observed angles at each station are first | 
compensated amongst themselves. A | 


correction is then applied to each angle | 


given very fully in the Report. 

The Report is accompanied by plates 
showing the base measuring apparatus 
and the connecting triangulations. 


THE WORTHINGTON PUMPING ENGINE AT BUFFALO, N. Y. 


By JOHN W. 


HILL, M. E. 


Contributed to VAN NosTRAND’s ENGINEERING MAGAZINE. 


Tue city of Buffalo has now in use 
three Worthington compound pumping 
engines, one of ten million gallons capac- 
ity, and two of fifteen million gallons ca- 
pacity each; the engine under considera- 
tion is one of the latter, and the only one 
of the three which was contracted for 
under a “duty” guarantee. 

The new fifteen million Worthington 
engine for the. City of Buffalo is one of 
the largest of this type ever built, and is 
a splendid specimen of symmetry in de- 
sign and excellence of finish. Whatever 
may be the fault of the engine in point of 
economy, it certainly fails not for lack of 
good materials and accurate workmanship. 

There was a time when the Worthing- 
ton pumping engine had no successful 
rival for the purposes of a public water 
supply. It seems, however, from recent 
developments that this type of engine—i. 
¢., the direct acting—must in the future 
hope to enjoy no better than a second- 
rate reputation. The excellent annual 
“duty” records of the compound, rotative 
pumping engines at Lowell, Lynn, Law- 
rence, Pawtucket, Providence (Putacon- 
sett Station), Memphis, Milwaukee, Chi- 





cago (West Side), and Trenton, N. J., as 
well as the exalted “duties” obtained 
upon contract trials of the Leavitt com- 
pound, rotative beam engines at Lynn 
and Lawrence ; of the Corliss compound, 
rotative beam or lever engines at Paw- 
tucket and Providence: of the Quintard 


| compound, rotative beam engines at Chi- 


cago; of the Gaskill compound, rotative 
engines at Memphis; and last, but not 
least, of the Gaskell compound, rotative 
beam or lever engine at Saratuga, prove 
more completely and more eloquently 
than any argument of words that the 
direct-acting pumping engine for public 
water supply (excepting upon a very small 
scale) cannot hope to compete for “duty” 
contracts in the future. 

By this it is not meant that direct-act- 
ing pumping engines, even for a large 
supply, may not be built and used for 
years to come; but in every instance 
where an otherwise excellent performance 
must be coupled with a “high duty,” the 
direct-acting engine cannot and will not 
attempt to compete. 

The writer (during the contract trials at 
Buffalo) was informed by the contractors’ 
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representative, and fully believes, that this | 
engine was in all respects equal to the 
best of Mr.Worthington’s build, and that 
the performance of this engine is a fair 
reflex of the possibilities of the type, can- 
not be successfully gainsaid. 

The Worthington pumping engine for 
the city of Buffalo was contracted for a 
daily delivery (capacity) of 15,000,000 U. 
S. standard gallons, and a “ duty” under 
conditions decidedly favorable to the en- 
gine of “ seventy millions.” 

How well the engine complied with 
these guarantees is fully shown by the 
following extract from the writer’s report 
to the Water Commissioners : 

“ The contractors’ detailed specification 
provides that the engine shall be a first- 
class expanding and condensing engine, 
with four steam cylinders of the following 
dimensions: High pressure cylinders, 38 
in. diameter; expanding cylinder, 66 in. 
diameter; length of stroke, 4 ft. con- 
nected to pumps with double-acting 
plungers 38 in. diameter, and 4 ft. stroke, 
capable of raising 15,000,000 U. S. stand- 
ard gallons in twenty-four hours against a 
pressure of 70 pounds per square inch 
when working at a piston speed of not 
more than 110 ft. per minute, and to 
pump against above pressure either di- 
rectly through the mains or into the 
reservoir as required. 

* The contract provides that the “duty” 
of said engine shall be seventy million 
pounds of water raised one foot high with 
the consumption of one hundred pounds 
of coal, the calculation of duty to be based 
upon an evaporation by the boilers of ten 
pounds of water for every pound of fuel 
consumed. 

“The engine is of the well-known 
Worthington duplex direct-acting type, 
and varies in no material respect from 
many which have preceded it from the 
s une builder, excepting in the addition to 
the high pressure cylinders of cut-off 
valves of the Corliss form, but worked by | 
positive connections from the rocker 
shafts. 

“The time of closing these valves is 
variable by hand, and they are designed 
to assist the cushion valves on the low 
pressure cylinder in controling the mo- 
tion of the piston toward the end of 
stroke, for which purpose they seem well 
adapted. 

“ The steam cylinders and the heads of | 


the low pressure cylinders are steam-jack- 
eted, the condensation being tropped 
from the jackets into a collecting well, 
into which the overflow from the con- 
denser is also delivered, and from which 
the feed for the boilers is pumped. 

“An independent steam pump taking 
steam from the main pipe in engine room 
supplies the feed water to the-boilers. 

“The boilers, two in number, furnish- 
ing steam to the engine are of the marine 
fire-box pattern, with two furnaces to each. 

“The total heating surface of both 
boilers is approximately 3500 sq. ft., and 
the total grate surface 87 sq. ft., pre- 
senting a ratio of heating to grate surface 
of 40.23. 

“ The coal burned was Lehigh, of very 
inferior quality, judging from the per- 
centage of refuse weighed back at the end 
of duty trial. The boilers proved inad- 
equate to the demands of the engine dur- 
ing the capacity trial, it being found im- 
possible to maintain the contract steam 
pressure of 60 pounds whilst pumping at 
the rate of 15,000,000 gallons per diem 
against the contract pressure upon pump 
gauge of 70 pounds. 

“In making the capacity trial it was 
decided to maintain the contract water 
pressure, and maintain, as nearly as pos- 
sible, with the boiler power at command, 
the contract steam pressure and corre- 
sponding piston speed of engine. That 
is, it was deemed advisable rather to 
comply with the maximum water pressure 
called for with a reduced delivery by the 
pumps than with the contract delivery of 
water. The latter being amply provided 
for by the dimensions of pumps within 
the contract piston speed. 

“In the following table I have repro- 
duced the principal dimensions of engines 
and pumps, the pump measurement be- 
ing made by the writer in behalf of the 
Water Commissioners, and by Mr. D. H. 
Johnston for the contractor, xt the pump 
house, a few hours previous to the trial 
for capacity : 


ENGINE AND Pump DIMENSIONS. 


H. P. cylinders diam (taken from con- 
tract) 
‘* piston rods (single) diam. (meas- 


L. P. cylinders diam. (taken from con- 
tract) 

‘* piston rods (double) diam. (meas- 
ured) 
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Engine No. 1 contact stroke... 49.875 
« No. 2 ” 4. 49.8125 
38.1212 
’ eoeee 38.1014 
Plunger rods diam 5. 
No 1, mean 
1131.5461 sq. i 
1130.3608 
mean area both..... 1139.9535 
rings width bearing 
surface 


“ 


0. 
No. 1 plunger diam 
No. 2 sie ss 


“cc 


“ “ 


“ce 


DATA FROM THE CONTRACT. 


Maximum piston speed per minute... 110 ft. 
Steam presure by engine guage 
Water ” pump “ 

“The test for capacity involved an 
actual measurement of the water deliv- 
ered by the pumps, for which two feas- 
ible methods offered. The first by low- 
ering the level of Prospect reservoir, 


closing all outlets and pumping in a 


known volume of water, against an arti- | 
‘the rod, the times were read to second 


ficial head of 70 pounds on pump gauge, 
produced by throttling with a 36-in. stop 
valve in the discharge main; and the 
second by making a special connection 
with the force main at a point three miles 
from the pump house, and diverting the 
delivery over a weir. 

“ By the first method the actual deliv- 
ery of water upon which to estimate the 
capacity of pumps was necessarily small, 
and by the second method upwards of 
one hundred stop-valves required closing 
for the period of weir measurements, with 


in. reservoir were read from a measured rod, 


divided into feet and tenths, with inter- 
mediate graduations to twentieths, which 
was carefully fixed and leveled in the 
south basin near the division wall. That 


- portion of the reservoir above the division 


wall was selected for the test as offering 
the best facilities for close measurement, 


in. and the measured rod was so located that 


the arbitrary zero level of the water cor- 
responded with 2.35 on the rod. The 
maximum rise of water level was agreed 
upon at 5 ft., corresponding to 7.35 on 
the rod, between which levels accurate 
measurements of lengths and slopes were 
taken for the purpose of the trials by Mr. 
Louis H. Knapp, Superintendent of the 
Water Service. 

“During the capacity trial, when the 
surface of water in the reservoir coincided 
with the lowest and highest marks on 


‘from an accurate watch, and between 


no means of estimating the probable | 


leakage, besides depriving a large section 
of the city of water during the hours of 
trial. 

“The first method had the advantage 
of time in that the supply of water to all 
parts of the city might be made under 
direct pressure whilst the reservoir was 
in use for test purposes. 

“After carefully canvassing both meth- 
ods it was finally decided to adopt the 
first, filling into the reservoir through 


such a section as was susceptible of rea- | 
| quarter hour were substituted for the re- 


sonably accurate measurement. 
“In order that this method might be 


| counters. 


these points the levels were read from the 
rod at expiration of eacher gular quarter 
hour. In order that the readings of en- 
gine counters in pump house might agree 
for time with the readings of the meas- 
ured rod in the reservoir, the rise of level 
in the latter was carefully noted, and a 
few minutes previous to the coincidence 
of the surface of the water and the arbi. 
trary zero point (2.35) on the rod, a mes- 
senger was dispatched from the reservoir 
to the pump house, upon whose arrival 
the assistants detailed for the purpose 
began minute readings of the engine 
Directly the time was read 
for the agreement of water-level with the 
zero point on the measured rod in the 
reservoir, a second messenger with a 
memorandum of the time started for the 
pump-house. Upon arrival of the second 
messenger from the reservoir the min- 
ute readings of the counters were dis- 
continued, and readings of the instru- 
ments at the expiration of each regular 


| mainder of trial. 


successfully employed, careful experi- 


ments (before and after the test for ca- 


tightness of walls and stop-valves, with 
no apparent leakage, and repeated meas- 
urements of lengths and slopes were 
made, to insure correctness of the data 


| 


| 


‘The same procedure was observed for 
the completion of trial. In this manner, 


pacity) were made to determine the | with an agreement of timepieces at the 


two points of observation (reservoir and 
pump-house ), the reading of the engine 
counters at the time when the surface of 
the water coincided with any known point 


upon which to estimate the discharge. ‘on the measured rod can be read correctly 
The vertical rise or surface levels in the | or interpolated from the record. 
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“To insure correctness in the record 
all data were taken by two intelligent ob- 
servers and all measurements were care- 
fully repeated. 

“Two observers independently read 


agreed upon the readings, two more read 
the engine counters at the pump house, 


whilst the indications of the pressure | 


gauges (steam and water ) and the strokes 
(length ) of plungers were observed by 
the writer in behalf of the Water Com- 
missioners, and by Mr. Johuston for the 
contractor. 

“The trial for capacity began at 4:57:30 


p. M., July 2d, previous to which time | 


the engine had been delivering into the 
reservoir for several hours, and termin- 
ated at 10:42:28 p. m., embracing a period 
of 5h. 48m. 08s., during which interval 
the surface level of the reservoir was 
raised from 2.35 to 7.35 on the measure 
rod, or 5 ft. head was added. 

“The section of reservoir filled was a 
true prismoid, of which the dimensions 
are given in the following table of reser- 
voir measurements: 


DIMENSIONS OF RESERVOIR. 


Head 2.35 on gauge rod = 
906 35+4-507.55 

Mean length —-—-5— = 
F 175.7 1745 

Mean width -‘°°S 1 °**?_ 175.10 ft. 

Area 506.95 x 175.1........ =88,766.945 sq. ft. 

Head 4 85 on gauge rod....= 25 level. 

506.95-+-522. 425 
. = 514.6875 ft. 


0 level 
506.95 ft. 


Mean length 


175.1+190.925__ 
9 _— 


Area 514 6875 x 183.0125. .. = 94,194.2461sq.ft. 


Mean width 183.0125 ft. 


Head 7.35 on gauze rod. ...= 5 level. 
521+523. 

in 522.425 ft. 
191.35+190.5 | 


Mean length 


Mean width 190.925 


Area 522.425 x 190 925..... =99,743.993 sq. ft. 
Head added 5D ft. 


Then by prismoidal formula the volume 
of the section of reservoir filled repre- 
sented 


(94,194. 24614) + 88766.945+.99743.993.5x7.48 
; = 


=3,523,628.04838 U.S. standard gallons, 
corresponding to a daily (24 hours) de- 
livery at observed piston speed (93.772 
feet) of 
3,523,628.048 « 86400 
20708 





= 14,701,635.3 gals. 





and at contract piston speed (110 feet), 
for which the boilers are at present en- 
tirely inadequate in heating and grate 
surface. 


701,625.: 
the measured rod in the reservuir and’ Rime 686.8 x 110 


93.772 246,938.13 gall’s. 
The counter reading at 4:57 p. m., July 
2d, was 18,728, and at 4:58 p. M., same 
date, 18,738; and by interpolation at 
4:57:30 p. m. was 18,733. 

“The counter reading at 10:42 p.m, 
July 2d, was 22,630, and at 10:43 p. x, 
same date, 22,642, and by interpolation at 
10:42:38 was 22,637.6, from which the 
double strokes, one engine, or quadruple 
strokes, both engines, were 

22,637 .6 —18,733 = 3,904.6. 

The mean length of stroke, engine No. 1, 
was 49.8125 inches, and mean length of 
stroke, engine No. 2, 49.651 inches, from 
which the mean piston speed during ca- 
pacity trial was 

49.8125 + 49.651 x 3904.6 .. . :; 
12x345.183 ~~" feet 


per minute. 
The calculated delivery of the pumps 
during the capacity trial has been esti- 
mated for the pump of engine No. 1 as 
(88.1212 X 784-4 (88.1212! X 7854 — 52 X. 785449 8125 _ 
2X231 gia 
244.005 U. S. standard gallons per single 
stroke ; and for the pump of engine No. 
2 is 
(38,1014? x .7854)-+-(38. 1014? x. 7854—5? x 7804) x 49651 
—_ 2x 131 er: 
242.959 U. S. standard gallons per single 
stroke; and a mean per single stroke 
for both pumps of 
244 005 + 242.959 
— ae 


_ 





= 243.482 gallons, 


and 

243.482 x 3904.6 x 4=3,802,799.2688 
U.S. standard gallons as the pump dis- 
placement corresponding to a delivery 
of 3,523,628.048 gallons into the reser- 
voir. From which the slip or loss of 
action of pumps is obtained as 


3,523,628.048 _ 
~"3,802, 799.260 
per cent. of calculated delivery. 

“The loss of action is surprisingly 
large, but a careful comparison of the 


100 
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data at reservoir and pump-house during 
the capacity trial, by half hourly intervals, 
fails to suggest any cause other than true 
loss of action. 

“The average steam pressure furnished 
by boilers as read on engine gauge was 
563.52 (for water column) =52.48 pounds, 
and the mean head pumped against by 
water-pressure gauge, connected with 
discharge-chambers of pumps, was 69.86 
pounds. 

“The water pressure corresponding to 
a continuous steam pressure of 60 pounds, 
as provided by the contract, is from the 
data of trial 

69.86 x 60 
52.48 

“As previously stated, the boilers are 
wholly unequal to the task of operating 
the engine at contract piston speed 
against a water pressure of 70 pounds by 
pump gauge. Either the quantity 
—— must be less than 15,000,000 gal- 
ons, if the pressure (70 ‘pounds is to be 
maintained, or the pressure pumped 
against must be less than 70 pounds if 
the 15,000,000 gallons delivery is desired. 

“ Both the delivery—15,000,000 gallons 
per diem. and pressure — 70 pounds, 
may be had with ease by adding one more 
boiler of same capacity as either of the 
present pair. 

“The trial for duty began at 1:30 p.m., 
July 3d, previous to which time the en- 


= 79.8704 pounds. 


gine had been in operation under the | 


regimen of the trial for several hours, and 
terminated at 9:30 a.m., July 4th, em- 
bracing a period of twenty hours. 

“The terms of the contract eliminates 
the actual consumption of coal as a fac- 
tor in the duty equation, and provides in 
lieu thereof that coal shall be charged at 
the rate of one pound for each and every 
ten pounds of steam consumed by the en- 
gine, or if W represents the net steam 

W 
100 
equals the weight of coal to be employed 
as a denominator in the equation for duty. 

“The water to the boilers was pumped 
from the hot well by an independent 
donkey taking steam from the south bat- 
tery of boilers, and carefully weighed in 
two large casks mounted upon platform 
scales, from which it was drawn as re- 
quired into a supplemental cask connected 
with the suction of the feed-pump. An 


consumed for the entire trial, then 

















overflow in the supplemental cask formed 
a gauge point at which the water appeared 
at beginning and at end of trial, and to 
which the head of water was caused to 
approximate as nearly as possible during 
the trial to check the weight delivered to 
boilers for given intervals of time. 

“The steam came from the north bat- 
tery of boilers into the engine-room 
through a 16 in. pipe, from which a branch 
8 in. diameter connected with the engine. 
A joint in the 16 in. pipe, near the branch, 
was opened previous to the trials, and a 
blank flange introduced to prevent trans- 
fer of steam to or from the pipe during 
the trial of duty. 

“In this manner no steam could pass to 
the engine other than that accounted for, 
nor could any portion of the steam 
changed to the engine be diverted in tran- 
sit. 

“ A suitable connection with the 16 in. 
steam pipe was made near the branch to 
the engine, from which samples of the 
evaporation were drawn from time to time 
for calorimeter tests of quality. 

“Certain boiler leaks were detected, 
ani the water caught and weighed as a 
rebate on the amount charged to the boil- 
ers. These were insignificant in effect, 
but together with the small quantities of 
steam drawn into the calorimeter con- 
stituted all the direct losses. 

“ Measured gauge-sticks were lashed to 
glass tubes of water-gauges, from which 
the water levels in boilers were read. The 
water levels at commencement of trial 
being restored at end of trial. 

“The trap connected with the jackets 
was caused to deliver into a cask on the 
engine-room floor from which the conden- 
sation was drawn and weighed at inter- 
vals for the purpose of estimating the pro- 
portion of steam delivered to the engine 
consumed in the jacket. 

“ The level of water in the pump well 
was taken by means of a copper float set 
in a carefully leveled pipe, the position of 
the float being read on a vertical scale in 
the engine-room to exact vertical differ- 
ence of surface of water in well and cen- 
ter of water-pressure gauge. 

“ The steam and water pressures were 
read from Crosby gauges, which were 
compared with a mercury column in Buf- 
falo, and with a Crosby test gauge before 
the trials, and again with the test gauge 
after the trials, through a range of press- 
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ures greater than were used. The gauges 
were found to be substantially correct 
upon first comparison, and to have suf- 
fered no depreciation in use. 

‘The reading of engine steam gauge is 
in excess 3.52 pounds, occasioned by a 
vertical water column of 8 feet 1.5 inches, 
which was necessary to bring the gauge 
into a position convenient for reading. 

“The temperatures of injection and 
overflow and temperatures for calorimeter 
purposes were taken with James Green 
thermometers, known to be correct. 

“Time was taken from a Litherland, 
Davis & Co. chronometer, kindly loaned | 
for the purpose by one of the local watch- | 
makers, which from frequent comparisons 
with an accurate pocket timepiece was 
found to vary so slightly from true time 
as to be substantially correct. 

“The barometer used was an Aneroid. 

“A series of eighty indicator diagrams | 
were taken from the steam cylinders dur- 
ing the trial, with Thompson indicators, | 
taking motion from arms secured to the 
rocker shafts. Thirty pound springs 
were used for the high pressure cylinders 
anit twelve pound springs for the low! 
pressure cylinders; upon test the thirty 
spring registered 30 pounds and the 
twelve spring 12.75 pounds per inch of 
pencil movements. | 

“The vacuum in condenser and double 
strokes of engine No. 2 were read from | 
the Crosby instru:uents furnished with | 
the engine. 

“The coal burned during the trial was | 
weighed at end of trial, and the contents | 
of furnaces and ash pits were likewise | 
weighed to determine weight of actual | 
combustible. The weighed « coal covers a 
period of 21h. and 49m. ; but the estimate | 
of boiler performance is based upon the 
average hourly consumption of coal and | 
water. 


{ 





‘As a check upon the readings of en- 
gine steam gauge, a steam gauge found 
upon comparison with the test gauge to 


be substantially correct, was connected 


with the steam drum of boilers and 
mounted in the engine room for conven- 
ience of observation. 

“The coal was weighed in gross, as 
required, and dumped in the boiler house. 
The water to boilers was weighed in ap- 
proximately uniform charges (each cask ) 
and net weight and time of final delivery 
entered in the observer's note-book. 

“The pressure gauges, engine counter, 
vacuum gauge, water levers in boilers, 
length of plunger strokes, barometer, 
temperature of injections, overflow and 
air and pump well gauge were read quar- 
ter hourly upon signal by a time-keeper. 

“The condensation from the jackets 


‘was weighed from time to time as re- 


quired. 

“The calorimeter data and indicator 
diagrams were taken at random for each 
hour of the trial. 

“In the following table are given the 
everages and total for the twenty hours 
of duty trial : 


STEAM PRESSURE. 
At boiler 65.4406-—4 pounds 
At engine 61.19387—3.52 ‘“‘ 
Difference 

WATER PRESSURE. 


| By pump gauge, pounds 
| By diff. level ef water in pump well 


and center of pressure guage, feet. . 
| By diff. level of water in pump well 
and center of pressure gauge, pounds 


| Total observed head, — 
t 


“ee 


Piston TRAVEL. 


Engine counter ; :30 p. m., July 3d.. 24479 
9:30 a.m., ‘ 4th.. 37518 


“The engines worked approximately | Difference 


to contract stroke during the trials for | 
capacity and duty, but as a check upon | 
the strokes a measured stick for each | 
engine, 50 in. between extreme points | 
with 2 in. marked to sixteenth at each 
end was lashed to one of the horizontal 
columns joining the steam and water 
ends, over which moved a pointer attach- 
ed to the cross-head. By carefully ob- 
serving the position of pointer at terminal 
of stroke the exact length of stroke could 





be read with great accuracy. 


Mean stroke engine No. 1, inches 
o 2, 


8 both caginee. feet 
Total piston travel for trial, 
13034 x 4.153 x 4=216,520.808 ft. 
Piston travel in feet per minute, 
18084 x 2 x 4.153 


20 x 60 


=90.217 for one engine. 


STEAM CONSUMPTION. 


Total water weighed to boilers, pds.. 299473 
Leakage from boilers, pds......... e- «=: 1482.5 
Drawn off for calorimeter, pds. . 

Delivered to engine, pds 
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CALORIMETER DATA. 


Mean weight of steam condensed. 
te ‘« water heated 
Mean initial temperature 
Mean final temperature 
“ range “ 
Thermal value of steam, 


‘ 2 
58.417 x 200 | 130.625=1177.195.* 


10.208 

Temperature of steam at 57.674 pds 1206.85 

Percentage of water entrained, 
1206.85—1177.195 oe 
00.58 —~” — 

Water entrained in the steam 9817. 7736 

Net steam delivered to engine, pds. 287961.2264 

Corresponding consumption of coal 

as per terms of contract, pds.... 28796.1226 


TEMPERATURES. 


10.208 


WATER LEVELS. 
Boiler No. 4 at 1:30 p. m., July 34, in.. ! 
' sa 9:330a.m., ‘** 4th, 
No. 5 at 1:30 p. m., 3d, 
= 9:30 a.m, 4th, 
No. 4 mean level for trtal 
No. 5 € “e 


CONDENSATION FROM JACKETS, 


se 


Total water weighed fromtrap, pds. 15111 54 
Percentage of total water and steam 
to engine consumed in the jackets, 
15111.54 ‘is iii 
“997779 x 100=5.07475. 
“Directly the trial was completed a 
brief summary of results was submitted 
in which the duty was calculated by the 
formula : 


_AxPXxEx 1000 


D 


S . 
Where D represents the duty in foot 
pounds, P= the observed head in pounds 
per sq. in. pumped against + an allow- 
ance of one pound for frictional resist- 
ances of water passages into and out of 
pump, and § the net steam delivered to 
the engine from-which the duty was ob- 
tained of 


1130.9535 x 79.7438 x 216520.808 x 1000 
287,961 
- ==67,812,169.996 foot pounds (A ). 





* This estimate is based upon temperatures by ther- 
mometer, with no corrections for difference of specific 
heat. Correcting for true temperature produces a bet- 
ter quality of steam, a smaller entrainment of water, 
a larger actual consumption of steam by engine, and 
adiminished “duty.’’ The error, although slight, is 
in favor of the engine 
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“After a more careful consideration of 
the contract, I am inclined to believe a 
duty calculated in this manner is not 
meant by ‘seventy million pounds of 
water raised one foot high with the con- 
sumption of one hundred pounds of coal,’ 
the coal to be estimated at the rate of one 
pound to each ten pounds of steam con- 
sumed. 

“Construing the terms of the contract 
literally, the work done is the actual water 
pumped during the trial into its weight 
per unit of volume into the head against 
which it is delivered, with no allowance 
for loss of action in the pumps nor for 
frictional resistances of pump passages. 

“The evaporation upon which the duty 
shall be estimated is considerably above 


5|the average of boiler economy, and it is 
not unreasonable to suppose in the light 


of this evaporation, that the contractor 
meant to furnish an absolute duty upon 
contract trial. 

“The calculated delivery of the pumps 
during the duty trial was 


1130.9535 x 49.836 x 4 x 13034 
231 
= 12,720,777.339 


gallons for 20 hours, of which quantity, 
by the data of capacity trial, .9266 was 
actually delivered, or 


12,720,777,309 x .9266 = 11,787,072.282 


gallons, and estimating the weight per 
gallon at 8.33 pounds, and head through 
which the water was raised as 181.7407 
feet, then the absolute duty was 


11,787,072.282 x 8.33 x 181.7407 x 1000 


~~ 287961 
=61,968,284.22 (B) 


equivalent to 61,968,284 22 pounds of 
water raised one foot high per hundred 
pounds of coal upon contract evapora- 
tion. 

“The calculated delivery of the pumps 
during the trial for duty per diem of 24 
hours was 
12,720,777.339 x6 __ 


~ 


5 15,264,932.807 gals. 

“As a check upon the work of the water 
end of the engine from the data previ- 
ously given, the indicator diagrams were 
carefully measured with the following re- 
sults: 
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Average initial pressure H. P. cyl.... 47.678 
‘i 8 « LP.  .... 12.206 
Average counter pressure at mid. 
stroke H. P. cylinder 5.55 
Average counter pressure at mid. 
stroke L. P. cylinder (absolute).... 5.423 
Average terminal pressure L. P. cyl.. 4.262 
Average vacuum in pounds at mid. 
stroke L. P. cylinder 9.031 
Expansions, by pressures 3.3154 
_ by volumes ; 4.0268 
Average mean effective pressure front 
side H. P. piston. 
Average mean effective pressure back 
side H. P. piston ; 
Average mean effective pressure front 
side L. P. piston 
Average mean effective pressure back 
side L. P. piston 


Factors OF Horse Power. 
Front side H. P. piston, one engine.. 1.5285 
“e ae “ 1 5502 


ee me ee -. 46422 
Back " .. 4.6765 
Indicated horse power 499.5774 
Steam per indicated horse power, per 


12.8305 


Coal per indicated horse power upon 

evaporation of ten to ore, per hour 2.88205 
Duty of steam end of engine 
Percentage of useful effect by duty A. 98.706 

ws ng | of steam end repre- 

sented by duty 90.200 
Percentage of total power developed 

expended in overcoming engine and 

pump friction by duty 1.294 
Percentage of total power devi loped 

expended in overcoming engine and 

pump friction by duty B ’ 

“As matter of some interest, although 
forming no part of the contract require- 
ments for duty trial, the performance of 
the boilers has been estimated and re- 
produced in the following table : 


Pressure by gauge in engineroom.. 61.4406 
Total coal charged (21h 49m) pds.. 45.100 
~ = 20 hours, pds. . .41313.61 

Ash, clinker and some unburnt coal 

weighed back from ash pits and 

furnaces duriag and at termina- 

tion of trial, pounds... ........ 6785 
Percentage of non-combustibles.... 15.0 
Total water weighed to boilers, pds. 299473 
Water entrained in steam, pds..... 10077. 266 
Steam per pound of coal from t m- 

perature of feed, pds 7.00485 
Steam per pound of combustible. . . 38.2453 
Steam per sup. foot of heating sur- 

face per hour, pds............-.. 4.1342 
Coal per sup. foot of grate surface 

per hour, pds 23.7439 

“The duty terms of contract include a 
steam pressure (presumed to mean at 
engine) of 60 pounds by gauge. The 
steam pressure actually held as a mean 
for trial was less than 60, but not enough 
less to account for the discrepancy in 


duty by either method of computation. 
It was urged during the trial by the con- 
tractor’s representative, Mr. Johnston, 
that the variations in steam pressure were 
‘calculated to diminish the duty. After 
a careful examination of the column of 
pressure I am quite certain the variations 
were too small to have any material eftect 
upen the duty. It is doubtful whether, 
with unlimited boiler capacity, the steam 


2 pressures could have been held much 
40.36612 


closer to the standard, except with a 
‘quality of firing rarely obtained from 
men employed for this purpose. 

* Recapitulating tbe results of the trials 


13.78365 for convenience of reference: ‘The daily 


actual delivery during the capacity trial 
was 14,701,635.3 gallons at a piston speed 

in ft. per minute of 93.772, correspond- 

|ing to a delivery per diem of 24 hours at 
‘contract piston speed '(i10 feet) of 
17,246,938.13 gallons, or 2,245,938.13 gal- 

lons in excess of contract requirements. 
“The duty by the method usually em- 


| 


68701100 | Ployed and designated as duty A, was 


| 67,812,169.996, and by the exact language 
‘of contract designated as duty B, 61,968,- 
284.22. 

“The engine while complying fully 
with the terms of the contract for capac- 
'ity—indeed furnishing an unusual excess 
of delivery within the limits piston speed 
—does not comply with the guaranteed 
duty by either method of estimate, and it 
is entirely a matter of judgment, which 
jan intimate ‘knowledge of the public 
‘requirements can best supply, whether 
‘the increased capacity of the engine shall 

|compensate in whole or in part for the 
loss in duty.’ 

“Referring to the question of con- 
struction, the engine is an absolute spec- 
imen of its kind, every detail having re- 
ceived a degree of attention seldom given 
to work of its class. The writer has 
examined many ‘ Worthington’ and other 
pumping engines for public water supply, 
some at work and some at rest, and 

hazards the opinion that none excel this 
| in solidity and exactness of construction. 

“Excepting so much of the detail as 
‘is necessarily hidden from view in the 
steam and water cylinders, * * * the 
‘engine complies in all respects with the 
|terms of the detailed specification, and 
‘by inference * * * * that which is 
|not seen is equal to that which is ex- 
| posed.” 
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DESCRIPTION OF THE MORE RECENT METHODS OF 
TRANSPORT ON RIVERS AND CANALS AND 
THEIR EMPLOYMENT IN GERMANY. 


By J. KLETT. 


From “ Zeitschrift fiir technische Hochschulen 


In the earliest experiments made on 
the Elbe in 1720 a hempen rope was 
fastened on shore, the other end wound 
up on board and vessels propelled in this 
way, and nothing better than this rough 
system obtained for a hundred years 
when, in 1820, Messrs. Tourasse and 
Courteaut designed special flat-bottomed 
tugs 75 feet long and 17 feet wide, with 
a horse capstan for winding up the rope, 
and susequently (on the Seine) a 6 HP. 
steam engine was substituted for the 
horse capstan. 

Chains next took the place of hempen 
ropes, and between 1820 and 1830 many 
chain tugs were employed on French 
rivers; but the first systematic service 
was carried out in 1846 between Paris 
and Montereau (65 miles) with tugs de- 
signed by Mr. Dietz, which in their essen- 
tial parts of construction, are similar to 
those in use at the present day. These 
tugs drew 18 inches of water, and were 
fitted with engines of from 35 to 40 HP. 
actuating the drum on which the chain 
was wound, two sets of gearing being 
provided for going up and down stream 
respectively. The boiler pressure was 
54 atmospheres, and the expenditure of 
fuel 54 lbs. per HP. per hour. Subse- 
quently the chain was laid further up the 
Seine and also applied to rivers in 
France. 

In Germany in 1866 chain tugs were 
running on 200 miles of the Elbe; and 
in the next ten or twelve years this 
system was in use on the Saale, the 
Brahe and the Neckar. 

The Elbe tugs are 138 to 150 feet 
long, 24 feet wide, with 18 inches 
draught. On the other rivers they are 
somewhat smaller. The sides are of } 
inch iron plate, and formerly the bottoms 
were of }-inch iron, but now they are 
built of 4-inch pine planks, as suffering 


less from abrasion on dragging over a) 


rough bed. There is a rudder at each 
end, the wheel being amidships. The 


,” for Abstracts of Institution of Civil Engineers. 


engines are from 60 to 70 HP., and work 
with a pressure of 5 to 7 atmospheres, 
with expansion and partial condensation. 
In slight currents a single drum is suffi- 
cient, the chain being kept pressed 
against it by rollers. and the drum nicked 
to prevent the slip of the chain, but 
ordinarily there are two drums to which 
the engine power is transmitted by two 
sets of gearing with different rates of 
speed—one for working up stream with 
great power and small speed; the other, 
down stream with less power and greater 
speed. Projecting over each end of the 
tug are booms furnished with guide-rollers 
for the chain; these booms increase the 
facility of steering. 

The chains are from } to 1 inch thick. 
When fractures occur, which is seldom, it 
is generally at the moment of the chain 
being first would roundthe drum. Each 
drum is fitted with a brake, and at the 
ends of the booms are clips to prevent a 
running out of the chain in case of the 
brake failing to hold. 

Chain towing has so increased on the 
Elbe, that in 1874 there were twenty- 
eight tugs running regularly between 
Hambury and Aussig (420 miles). On 
the Neckar, at the same period, five tugs 
were employed on 56 miles of chain, and 
this was to be extended for 30 miles 
more, from Heilbronn to Cannstatt. Ex- 
perience has shown that chain-tugs have 
great advantages over paddie-tugs even 
in smooth water; for in the latter 60 to 
70 per cent. of the power is lost in slip, 
and another great advantage of chain- 
towing is that there is no wash or swell. 

The charge for transport averages 
about 4d. per ton per mile, which is 
twice as cheap as the lowest railway 
charges. 

In 1865 Mr. de Meseil, a Belgian, in- 
troduced a system of transport where a 
wire rope was substituted for the chain ; 
this was taken up and improved by a 
'German engineer, Max Eith of Wurtem- 
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berg, and worked with great success on a|age is higher on account of the greater 
40 mile section of the Maas (from Namur | flexibility of the chain. Fractures of the 
to Liege). It was subsequently employed | rope seldom occur, in spite of the rocky 
on canals in Holland and Belgium, and| bottom in certain sections, and the life of 
also on the Rhine; and resulted in 1870 a wire rope may be taken at from four to 
in the formation of a wire-rope tug com- six years. 
pany under the management of Mr. T.; Wire-rope tugs cannot work in less 
Schwartz. Extensive trials were also| than 3 feet of water, or only with diffi- 
made on the Danube about the same time | culty, whereas chain-tugs can work in 
with very satisfactory results, the useful | half that depth. As regards steering 
effect being 77 per cent. facility they are equal. The delay caused 
In 1873 the above company laid down | by fractures is an important item in the 
the line from Bingen to Rotterdam, but| comparison, and repairs to chains occupy 
worked the upper section only them-/considerably less time than repairs to 
selves, viz.: from Bingen to Ruhrort/ wire ropes. To sum up: chain-tugs in 
(155 miles). From Ruhrort downwards |depth under 3 feet and in sharp curves 
a concession was granted to a Dutch/are preferable to rope-tugs; in moder- 
company, who employed a special kind of| ately strong currents and larger curves 
tug in which the rope passed over drums | they are about equal; but in canals, and 
inside the vessel similar to the chain-tug|in large deep rivers rope-tugs are best 
system; but the usual arrangement of|and both are superior in ordinary circum- 


having the rope outside the tug is most/ 
convenient, as it enables it to be easily | 
east oft and taken up again when two} 
tugs meet. 


stances to paddle-tugs. 

In canal tunnels, as in the 4 mile see- 
tion (Monts to Paris), where steam can- 
not be used on account of the smoke, 


The rope used on the Rhine is formed | chain-tugs worked by a horse-capstan tow 


of forty-nine wires 0.189 inch thick, is 1.7 
inch in diameter, and weighs 43 lbs. per 
yard. It costs 10d. per foot, which is 
about one-third the weight and cost per 
foot of an iron chain of equal strength. 
Wire-rope tugs are also employed on 


the Oder and the Neva, and on the Erie | 


Canal they have almost superseded the 
celebrated “ Baxter” steamboats. 

The first wirerope tugs at work in 
Holland and Belgium had a 20 HP. en- 
gine for the driving-wheels, and another 
10 HP. engine to work a screw when 
going down stream clear of the rope. At 
each end, outside the tug, are guide 
wheels to keep the rope clear of the ves- 
sel, and at the center are two large wheels 
which lead the rope on to a Fowler’s clip 
drum against which it is kept pressed by 
small rollers. (To pick up the rope and 
pass it over the wheels and drum takes a 
quarter of an hour.) 

The Danube Company’s tug “ Nyitra,” 
to which the Rhine tugs are very similar, 
is 140 feet long, 244 wide, and draws 34 
feet of water; the clip-drum is 104 feet, 
and the adjoining wheels about 9 feet in 
diameter. Against a current of 4} feet 
per second it can draw eight barges with 
a total load of over 2,000 tons at a speed 
of 3 miles an hour, with useful effect of 
75 per cent. In chain-tugs this percent- 


a barge through in one-third the time and 
|at one-fourth the cost of the former sys- 
| tem when men were employed for tow- 
ing. 

| Un the Rhine and Saone, where par- 
|ticularly strong rapids are met with, 
special steamers called “grapins” are 
employed. The “grapin” is an iron 
wheel of about 20 feet in diameter and 
174 tons weight, furnished with projec- 
tions or picks, fixed in a well-hole at mid- 
ships, and worked by a chain attached to 
the paddle-shaft. On ascending a river 
the “grapin” is lowered till the picks 
grip the bed on which the wheel slowly 
turns, and the paddles working at the 
same time in this way tow barges over 
the strongest rapids. Huet’s water loco- 
motive and Busquet’s tug are worthy of 
mention; the latter works on a chain. 
though it is similar to a wire-rope tug, 
The Baxter steamboat mentioned above 
as being in use on the Erie Canal, was 
the outcome of a competition invited by 
the State of New York for a prize of 
£20,000 for the steamer which best ful- 
filled the following conditions, viz.: a 
mean speed of 3 miles an hour witha load 
of 200 tons, small cost, and no wash or 
swell. This steamboat is 100 feet long, 
17} feet wide, and about 9 feet deep, with 
flat bottom and vertical sides, and in- 
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cluding engines and coal weighs 52 tons, | tug system is in use, where the screw is 

earries a load of 200 tons, with a draught | within the body of the vessel and sur- 

of 6 feet of water, and has an average | rounded by a cylinder, and is fed with 

speed of about 4 miles, but can work up | water by two large channels leading 

to 74 miles an hour. ' from the sides of the vessel to the front 
On the Saar Coal Canal Jacquel’s steam | of the screw. 





THE DEFLECTIVE EFFECT OF THE EARTH’S ROTATION. 


By W. M. DAVIS. 


Written for VAN NosTRAND’s ENGINEERING MAGAZINE. 


In an article by Rd. Randolph, C. E., | 
in a recent number of this magazine 
(Feb. 1883, p. 117-120), on the “Influ- | 
ence of the earth’s rotation on derail-| 
ments,” the lateral impulse is given only 
half of its true value because two of its 
components are neglected, namely: the 


effects of diurnal centrifugal force and of | 


the tendency to the “preservation of 


areas.” The impulse, as estimated by | 


Mr. Randolph is the third component, 
which may be called the whirling table 
effect.* His conclusions that the de- 
flective oree is equal in all directions, 
that it varies with the sine of the lati- 
tude (or as in his formula, cosine+cotan- 
gent), and that it is insufficient to deter- 
mine the direction of derailment, are 
correct. 

Although it is some twenty odd years | 
since the true estimation of this force was | 
first published by Ferrel (Cambridge | 
Math. Monthly, i., 1859), there is still 
too frequently a misunderstanding of the 
matter, and it is often stated that its | 
effects are only seen in motions having 
some meridional element in their direc- | 
tion as Hadley first explained it in 1755. | 
This is entirely incorrect; the deflective | 
effect is the same on motions in all direc- 
tions from a given starting point. The) 
following brief statement gives a com- 
paratively simple version of the explana- 
tion of this fact, which at first sight is 
not at all apparent. 

The total deflective effect of the earth's 
rotation may be resolved into three com- 
ponents: A, that arising from the partial 
daily rotation of any small area of its 





*The earliest eqoticetion of this whirling table 


effect in the explanation of the rotary action of 
storms was made;by Mr. Charles Tracy of New York 
in 1843. I have es called attention to his original 
article (American Journal Science, xlv., 1843, 65-72) 
in Science, No. 4 


, Pp. 98. 
Vou. XXVIIL—No. 4—21. 





surface about a loca] earth-radius as an 


laxis; B, the effect of centrifugal force ; 


C, the tendency to the preservation of 
areas. The following analysis is worded 
for the northern hemisphere. 

A. If we consider the daily motion of 
any small area of the earth’s surface of 
which the latitude is g,itmay be regarded 
as resulting from a motion of translation 
around its circle of latitude, and a com- 
plete left-handed rotation about an axis 
through its center parallel to the axis of 
the earth. The effect of the translation 
will be considered under B and C; the 
effect of the full rotation on an oblique 
axis as above stated is the same as that 
of a partial rotation on an axis at right 
angles to the surface, that is on an earth- 
radius; and the partial rotation is to 
the full rotation as sing : radius. 
The surface is therefore in the condition 
of a whirling table, which rotates through 
2zsin@ degrees in twenty-four hours ; or 
representing the earth’s angular velocity 
per second by o, the rotary velocity of 


ithe surface = wsing. A body moving 


from the center of such a rotating surface 
in any direction with a velocity of « feet 
per second wiil be continually left on the 
right of its original direction by awsing 
feet per second. 

B. A body at rest on the earth’s sur- 
face moves eastward at a velocity v=Rw 
cos@, and its centrifugal foree= > 
=vw. This being resolved along a tangent 
to the earth’s surface = vwsing, and the 
flattening of the earth at the poles produces 
just enough up-slope toward the equator 
to neutralize this force. If it be now 
supposed that the body moves eastward 
relatively to the earth with a velocity a, 
its angular velocity will be increased to 
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, and its centrifugal force will 


ag) 


equal (v +a) (o +——— 


— For all or- 


dinary motions, except in very high lati- 


may be neglected, and the 


tudes, Tine ae 


tangential component of this new centrif- 
ugal force becomes (v+a)w sing. As 
the body was relatively at rest before, it 


will now be urged to the right by the 


force awsing. 


C. In virtue of the law of preservation | 


of areas, if a body in latitude gy, rotating 
with a velocity Rucosg~, move northward 
with a velocity a, its rotary velocity will 
increase as its radius of rotation de- 
creases, and so become 


Reosep 
ae 


It will thus be carried to the right of 
its original path by a force equal to the 
difference between its original and its 
acquired rotary velocity = 


awsin pcosp 
a : 
R 

For all ordinary velocities the last term 
of the denominator may be neglected, 


and the expression becomes awsing. 
The combined effect of B and C on an 


cosp—=sing 


oblique motion «a, making an angle 0) 


with the meridian, will be the resultant 
of the deflective forces on its northward 
and eastward components. ‘The detlec- 
tions of these components are awsingceosO 
and awsingsin@, and their resultant= 


awsing 4+/cos’? +sin*6=waw sing, which | 
Combining this | 


is independent of 0. 
with A, we have 2awsing for the total 
deflective force in latitude gm on a body 
moving with a (moderate) velocity « in 
any direction on a planet of any size* 
with the angular velocity w. This force 
tends to the right in the northern hemis- 
phere but to the left in the southern. 
The simple relation existing between the 
several parts of the total deflecting force 


*On minute planets like the asteroids, where a 
moderate surface velocity might be a large part of 
the velocity of rotation, the terms neglected above 
would become appreciable. 


‘is not a little surprising and interest- 
ing. 

Among the effects arising from this 
| force that have been suggested by various 
jauthors, there may be mentioned: the 
ichange of the plane of oscillation of a 
‘free swinging pendulum; the oblique 
motion of the trade winds and the general 
}easterly motion of winds in temperate 
latitudes; the high barometric pressure 
about the tropics and the low pressure of 
the polar regions, especially the antare- 
tic; the constant direction of rotation 
jand a certain share of the strength of 
cyclonic storms; the regular turning of 
the great oceanic eddy-currents, and the 
formation of sargasso-seas at their cen- 
ters; a possible but problematic effect 
on the cutting of river valleys; and 
finally the very doubtful control over 
railroad accidents and more plausibly the 
‘displacement and faster wearing of the 
right-hand rail on a double track road. 

The last named effect having a special 
interest in connection with engineering, 
the following extracts from Das Ausland 
(a weekly geographic journal published 
at Stuttgart), 1876, 334, may be worth 
| quotation. 

The Hamburg-Harburg double track 
railway opened in 1872, crosses a flat 
/marsh between the northern and southern 
arms of the Elbe, and its road-bed here 
rests on an elastic subsoil. After several 
‘years of running, it was found that the 
rails were somewhat loosened and moved 
forward from their original position, and 
that the right-hand rails on each track 
(looking in the direction of running), had 
‘been moved most, as was shown by the 
displacement of the joints from their 
original position opposite those of the 
left rail. This excess of right-handed 
pressure is ascribed to the effect of the 
earth's rotation, and is according to the 
usual explanation improperly regarded 
|as possible only on north and south rail- 
| ways, such as this one is. 

If the effect is properly referred to so 
jsmall a force as the deflection arising 
‘from the earth’s turning, it must be on 
account of its constancy; it should be 
‘apparent on similar roads in any direc- 
‘tion, and would be most perceptible on 
roads in high latitudes. Can any other 
} examples of such an effect be given ? 


' 


CAMBRIDGE, Mass., March, 1882. 
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DAMP WALLS. 


From the 
In a recent issue of the Badische Ge- 


werbe-Zeitung appears an article on this | joined 


subject, the importance of which induces 
us to reproduce it in our columns, with 
such additions and remarks as seems to 
us desirable. The writer, Professor 
Meidinger, observes that, if in an old 
house wall-paper turns mouldy and peels 
off, the cause is dampness in the walls. 
The walls of an old house may turn 
damp from various causes : 

1. The rain sickers through a defec- 
tive roof into the wall, or it penetrates a 
badly-pointed wall. 

2. In the cold season vapor produced 
from special causes is deposited on cold 
walls. 

3. The wall contains aphroniter (nit- 
rate of lime. Chloride of calcium, which 
occurs less frequently, displays the same 
behavior; quarry-stones which remain 
wet contain probably one of these salts). 
The wetting of walls in consequence of 
hygroscopic salts is caused only rarely 


by the formation of saltpeter; most fre- 
quently sulphates of sodium, and espec- 
ially of magnesia, show themselves, which 
are contained either in the mortar or in 


the bricks. Mortar of dolomitic lime- 
stone, which has been burned with fuel 
containing sulphur, especially has caused 
very frequently to the formation of wet 
places. Even the presence of sulphuric 
acid in a damp atmosphere, in districts 
where much coal is consumed, has given 
rise to the formation of sulphate of mag- 
hesia in quarry-stones, and consequent 
p walls, as was proved some time 
ago in London on facades of limestone 
containing magnesia (Portland stone). 

4. The underground water reaches so 
high that it rises in the wall of the base- 
ment. 

5. The house is built on a slope, so 
that the rain-water running down enters 
the wall of the basement. 

Firstly. The cause of the dampness 


named first may be removed by repair-| 


“ Builder.” 


of timber and bricks, which cannot be 
closely, the method adopted, 
|especially in mountainous districts, is 
| very serviceable; that is to say, of cover- 
|ing in the walls of the weather-side with 
| boards or shingles, and for greater dura- 
/bility painting the latter in oil. On the 
| Lower Rhine, slate, as used for roofs, is 
also employed. A cover with metallic 
| slates is likewise to be recommended, and 
quite recently pressed plates have been 
jused which have the character of shin- 
\gles. All perfectly water-tight coatings 
‘and coverings on vertical surfaces of 
course keep off driving rains, and pre- 
‘vent the accumulation of dust and the 
growth of moss and lichen; but they 
form, at the same time, an impermeable 
layer, arresting ventilation through the 
|walls, on which account they may prove 
injurious to health, under certain condi- 
'tions, in overcrowded houses not provid- 
ed with artificial ventilation. The dura- 
tion of such coatings and coverings like- 
_wise is not very great, for oil varnish 
becomes gradually humid, liable to form 
emulsions with water, and, when in that 
‘state, persistently retains damp, which 
penetrates also into the interior of the 
wall. It is evident that walls already 
damp cannot be dried by such means; 
that, on the contrary, their drying is pre- 
vented. On the other hand, the shingle 
walls in use in Switzerland, or the pro- 
tective walls of Solingen plates employed 
in the country along the Weser, and the 


plates used on the Rauhe Alb in Wiur- 


temberg, besides the slate coverings, are 
quite to the purpose. 

Secondly. The precipitation of damp 
and water on cold walls is observed prin- 
cipally in kitchens and in large rooms 
| filled on occasions by large assemblages. 
|In the former case, the deposition of 
damp arises from the steam generated in 
|cooking; in the latter, it is caused by 
|the breath of the people collected to- 
gether. If the walls are painted with 


ing the roof, or by repointing the wall.|oil color, drops of water are formed 
A coating w th oil paint of the outer fact | which collect on the walls, and in some 
of the wall may also be recommended in| cases even wet the floor. If the walls 
certain cases. If the outer walls consist ' are coated with size-color, the water pen- 
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etrates and makes them darker; as soon 
as the generation of steam is arrested for 


a time, they become perfectly dry again. | 


If the walls are papered, the paper-hang- 
ings become wet and dark to dry, how- 
ever, again very soon and completely. 
The paper does not turn mouldy, but the 
paste will probably be destroyed in course 
of time, and the paper itself discolored. 
Under such conditions, the outer walls 
are chiefly exposed to the precipitation of 
water, especially if they are built of 
quarry stones, which are good conductors 
of heat.. Brick walls are less exposed to 
such a deposition, and walls of tufa and 
wood not at all. If it is intended to pro- 
tect an outer wall exposed to such pre- 
cipitations, the simplest way is to board 
it. The boards, of a thickness of 0.4 in., 
are nailed to flat beading ? in. to 1.1 in. 
thick, and secured with holdfasts to the 
wall, the intervening space being filled 
with straw. Thus a very bad conductor 
of heat is placed nearest the wall, upon 
which water will not be deposited. The 
warming of the room is also greatly facil- 
itated by this means; for this reason, 
such a covering may be recommended in 
many cases, but especially for north or 
east walls, and more particularly for bed- 
rooms. The boards are either covered 
with shirting, upon which the paper may 
be hung, or they are nailed with reeds 
(much used in place of laths in Ger- 
many) and plastered with gypsum, after 
which the wall may be treated in any 
manner desired. The cost of such a 


humidity of the air. In dry weather 
part of the water absorbed during damp 
weather passes back into the atmos- 
phere. If a wall contains little saltpeter, 
it becomes light in color and dries in dry 
weather; during damp weather, on the 
contrary, it turns dark and wet. Should 
the wall contain much saltpeter, the wall 
is permanently wet, as in stables. Pa- 
perhangings on a wall containing salt- 
peter appear dark during damp weather, 
and may easily be pulled off. The paste, 
kept damp for some time, gradually de- 
composes and thus loses its adhesive 
property, the paper hangs loosly even in 
dry weather, and is held in its place only 
at the permanently dry spots. The ad- 
hesive ingredients of colors are likewise 
destroyed, the colors fall off as dust, 
mould is formed, and the whole appear- 
ance is totally deteriorated. The aph- 
roniter possesses the property of spread- 
ing to a certain distance from the spot 
where it originates over the porous wall, 
‘through stone and mortar. It thus pen- 
etrates the whole thickness of the wall, 
and arrives, although generally found 
only on one side, at the other surface of 
the wall. Quite apart from its ugly ap- 
pearance, a damp wall possesses other 
disagreeable properties. The adhesive 
ingredients of paper and color develop 
an unpleasant odor during their decom- 
position ; the same is observed in mouldy 
paperhangings, and in the timber in con- 
tact with damp walls. Effects injurious 
to health have consequently been often 


boarding is in Germany about 1s. per|attributed to damp walls, although it 
square yard, the shirting 7d., the reed | would be difficult to prove such an as- 
and gypsum coating 1s. 5d. 'sertion. Various means have been pro- 
Thirdly. Aphroniter is most fre-| | posed for preventing damp in walls from 
quently the cause of permanently wet |aphroniter, or at least obviating the dis- 
walls, or such as become always wet in agreeable consequences attendant upon 
damp weather. It is observed princi-|its formation. We select some of the 
pally in the lower stories. Its origin is| principal means suggested. 
due to organic substances containing! (a.) The evil cannot be remedied by 
nitrogen, especially exhalations of man|simply removing the mortar coating, as 
and animals, which lodge in the walls and | far as it shows damp, even between the 
form nitric acid during their decomposi- | stones, and subsequent fresh plastering. 
tion ; the latter, in combining with lime, | | After the mortar has become thoroughly 
forms nitrate of lime. Its appearance is| hardened and dry, the wet places appear 
therefore most frequently met with in |again after a little time during damp 
water-closets, in stables, and in the! weather, although not quite so large as 
country very often on walls near accu-|before. The saltpeter still in and be- 
mulations of liquid manure. Nitrate of | tween the stones gradually penetrates 
lime is a soluble salt (it is hygroscopic) ; | ‘part of the new plaster, until it shows 
that is, it absorbs water from the atmos- | itself on the outside. There is no doubt 
phere, more or less according to the! that, even after removing this second 
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DAMP 
plastering and putting on a third, the 
latter would show wet places, although of 
smaller dimensions. It might be possi- 
ble to gradually extract the whole salt- 
peter from the wall, just as it is possible 
to remove oil spots from wood by repeat 
ed applications of wet pipe-clay. This 
method of drying a damp wall—although 
it would effect a radical cure, as long as 
no fresh formation of saltpeter takes | 
place, and although it would be most ad- | 
visable from a sanitary point of view—| 
will not find much favor, on account of | 
its inconvenience, tediousness and ex-| 
pense. In the rare cases where actual | 
formation of saltpeter is the cause of the 
dampness in walls, in stables and closets, 
a coating of dolomite cement, to which 
some phosphate of magnesia has been 
added, has proved a very efficient means 
for preventing the further formation of 
saltpeter. As the formation of ammonia 
always preceds that of nitric acid, the 
ammonia combines rapidly with the mag- 
nesia contained in the mortar to insolu- 
ble phosphate of ammonia-magnesia, and 
the carbonic acid of the decomposing 
urine contained in the ammonia with the 
lime to carbonate of lime. As it is, the 
not inconsiderable quantity of phosphoric 
acid contained in urine by itself causes 
the formation of the insoluble magnesia 
combination. 

(0.) It is stated by practical builders 
that half cement mortar, that is, ordinary 
lime mortar mixed with the same quan- 
tity of Portland cement, is the best means 
for drying the walls of water-closets ; no 
penetration of damp has been observed 
several years after the new coating has 
been applied. In Germany, instead of 
ordinary Portland cement, Erdmenger’s 
Portland cement of dolomite is considered 
the most suitable for the purpose. 

(c.) For some time past it has been | 
tried to prevent the penetration of the 
saltpeter still remaining in the stoves into 
the fresh plaster by coating the stones 
and the joints between them with an 
isolating layer impenetrable by water. 
Asphalt, either by itself or mixed with 
linseed oil, has been used; pitch, com- 
mon rosin, and tar have likewise been 
recommended, the latter, however, less, 
on account of its liquid state and its pow- 
erful smell. The mass must be melted, 
and applied hot with a brush. It is im- 
perative that the surface of the stones be | 
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completely covered, and the joints be- 
tween them perfectly closed up ; the salt- 
peter will percolate through the smallest 
crack, and thus produce wet places on 
the wall. Before applying the isolating 
layer, the room must be artificially and 
very highly heated for several days, to 
make sure that the exposed stones and 
joints have been perfectly dried. The 
asphalt or its mixture with linseed oil 
must penetrate to a certain extent into 
the stones to insure a perfect adhesion ; 
this is not possible if the stones are 
damp. Small places may also be warmed 
and dried by holding a charcoal pan close 
to them. Timber which may be in the 
damp wall must be treated in the same 
way; in this case it would be advisable 
to remove the stonework round the piece 
of timber as far as it shows damp, to dry 
the latter well, and then coat it on all 
sides with asphalt. Upon this isolating 
layer, which should be from 0.2 in. to 0.4 
inch thick without interruption, after 
hardening, ordinary plaster or gypsum is 
applied. In carrying out the above, the 
plaster should be removed, not simply 
where wet places show themselves, but 
from one ft. to 2 ft. round them, the iso- 
lating mass being applied to the same ex- 
tent, so as to prevent the saltpeter from 
penetrating sideways and causing damp 
spots round the edge of the new plaster. 
It is not to be expected that the latter 
should combine closely with the isolating 
mass; it receives its support sideways 
from the old plaster still sound. This 
would be no objection where only small 
patches of plaster had to be renewed ; 
but large wall spaces would sound hol- 
low, and probably might become detached 
unless a close junction of the plaster with 
the stones were effected by driving in here 
and there holdfasts coated with asphalt, 
before the plaster is put on. A putty of 
asphalt and mastic, also, was success- 
fully employed at the Aligemeine Hos- 
pital of Vienna. 

(d.) A few years ago tinfoil was recom- 
mended as an isolating material. It was 
put on the wall with paste, after every 
vestige of the old paper had been re- 
moved, the fresh wail paper being then 
put on the tinfoil. Although the latter 
is very cheap (the cost of pure tinfoil in 
Germany is only 3s. 7d. per kilogramme, 
or 1s. 9d. per lb., with which quantity a 
space of about 12 square yards may be 
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covered), and the process is very simple. | well as the beading fastened against the 
It was soon found that it cannot be put! wall, are coated with silicate paint. Such 
on a damp wall, on account of the paste a coating on both sides of the boards 
decomposing. It was next tried to se-|costs about 24d. a square yard. The 
cure the tinfoil with tacks, but the latter | whole expense for fixing such a boarding, 


soon began to rust; tin tacks might per- | 


haps be more suitable. No case has been 
recorded in which tinfoil has been pasted 
upon a wall previously well dried either by 
natural means or artificial heat. If the 
wet places are not too large, it might be 
advisable to paste the tinfoil first on the 
paper, and, after drying, to put the paper 
on the wall, care being taken to use paste 
only for the part of the paper free from 
tinfoil. The paper would thus lie hollow 
against the wet place on the wall, where 


the tinfoil acts as a protector against | 
‘damp and drys more slowly, it being im- 
possible to cut off the access of air en- 
\tirely. By others, the necessity of thor- 


damp. Lead-foil, in place of tinfoil, is 
not to be recommended, as lead is at- 
tacked by damp saltpeter. 


(e.) Asphalt paper has sometimes been | 


including the covering with shirting, but 
excluding the wall paper, is at most 2s. 
per square yard. It appears unnecessary 
to the author to provide for ventilation 
between the boarding and the wall by 
leaving openings at top and bottom, as 
it is not intended to dry the wall. A 
consequence of induced ventilation would 
be simply to cause the covered wall to 
absorb more or less moisture according 
to the state of the atmosphere, just as if 
the boarding had not been put, while 
with sluggish circulation the wall gets 


ough ventilation between wall and board- 


nailed on damp walls; but in such cases | ing is insisted on, it being pointed out 
a covering of shirting is necessary for re-| that rapid circulation must tend to de- 
ceiving the wall-paper. The cost in-Ger-|crease dampness, and at the same time 
many is about 10d. per square yard. The | prevent the otherwise inevitable formation 


protection, however, is not permanent, ; 


for the asphalt paper lasts only a few) 
years. 
(7) There is no record as to the effect, 


of painting damp-walls, but it is well paper and damp walls. 


of mould or fungus in the boards. 

{h.) Quite recently wood hangings have 
been introduced in Germany, serving as 
isolating layer between ordinary wall- 
These hangings 


known that such a coating after some are made in the form of webs or wicker- 


time blisters and finally peels off. It'| 
would be worth while to examine more 
closely into the question whether this 
always takes place, or only under certain 
conditions. It is thought that several 
coatings of paint put on a wall well dried 
by artificial means would penetrate the 
same, and unite so closely with the plas- 
ter as to prevent a peeling off taking 
place. Three coats of paint would in this 
case cost about 9d. per square yard. The 
paper would have to be put on before the 
last coat of paint is thoroughly dry, as 
otherwise the paper would not stick. 

(g.) If wet places in walls assume large 
dimensions, it is recommended to face 
the wall with a brick (or tufa stone) wall 
or boards. The first is expensive and 
takes up room; joints with the old wall 
must be made with asphalted bricks to 
prevent a transmission of saltpeter. ‘The 
second remedy is that to be adopted in 
most cases. The process is similar to| 
that applied in boarding walls outside ; | 
filling in with straw, however, is omitted. | 
For greater protection, the boards, as 


| oil colors. 


work of strips of wood or shavings of 
North Swedish or Finnish pine, 0.04 in. 
thick, and 1.17 in. to 1.56 in. wide, which 


are said to resist the effects of damp for 


a number of years. They are manufac- 
tured in lengths of 22 to 33 yards, of a 


width of 2 ft. 6 in. to 5ft., and sold at 1s. 


4d. per square yard. The wood hangings 
are fastened to the wall with galvanized 
nails, the nail-heads being covered with 
pieces of shavings slipped in, at a cost of 
about 6d. per square yard. A covering 
of shirting is also in this case applied be- 
fore putting on the wall-paper. This 
wickerwork may be directly used for pan- 
elling ; the panels are produced by bead- 
ing, and by leaving the whole in that 
state, or xpplying coatings of varnish, or 
painting the several stripes with various 
Patterns may in this manner 
be made at a cost of 6d. per square yard ; 
one coating of varnish at 24d.; of oil- 
paint, at 6d. to 1s. 

Fourthly. When underground water is 
the cause of dampness in walls, aphroni- 
ter, as a rule, always co-operates. Water 
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alone does not rise so high, as we know 


from the behavior of cellars, the sole of | 
which very often is only just above the 
level of underground water, and the walls | 


of which are nevertheless quite dry. The 
same means of prevention as above men- 


tioned may be employed; they are, how- | 
ever, only palliatives, which do not dry a} 
damp wall. A radical cure may be effected | 
only either by a perfect isolation of the | 


wall from the source of damp,—which 
may be done in existing walls by draining 
at intervals, and isolating from the ground 
below by the insertion of sheets of as- 
phalt felt,—or by completely eradicating 
the damp from the wall. This may be 
done by stamping in between the damp 
wall, which must be previously stripped 
of its plaster, and a provisional planking, 
a layer, about 2 in. in thickness, of fresh 
quicklime powder. For outside walls 
the planking may be dispensed with ; all 
that need be done is to dig a trench along 
the foundation and fill it with lime. The 
damp may also be got rid of by heating 
the rooms with coal-baskets, and by draw- 
ing the heated air from the interior by 
means of a suction-pump connected with 


a box provided with India-rubber pack- | 


ing, which is pressed against the other 
side of the wall. 

Fifthiy. When a building is erected 
on a slope, and the higher wall becomes 
saturated with percolating rain-water, a 
cure can only be effected by cutting a 
deep trench, and thus draining off the 
water. If substances containing nitro- 


gen and conducing to the formation of | 


saltpeter have been introduced into the 


wall through rain, the latter will continue | 


to be damp, and the only palliatives 
against their injurious effects on the in- 


side faces of walls are those already’ 


pointed out. 

Since the above was written, the Bad- 
ische Gewerbe-Zeitung has published a 
few additional remarks by Dr. Meidinger. 
It is stated that in several cases of damp- 
ness in walls a coating of oil paint, upon 
which subsequently tinfoil has been 


pasted, has been found efficient. The, 


two substances combine very closely, and 
permit of the hanging of paper after- 
wards. The paint must, however, be put 
on only in dry weather, or after artificial 
drying of the wall, and the wet places 
have entirely disappeared. With regard 
to boarding of damp walls, it is added 


‘that it should not be neglected to as- 
phalt the beading to which the boards 
are nailed, to protect them against the 
absorption of water and subsequent de- 
struction. Moreover, the boards must 
not be too far away from the wall, on 
account of mice. The introduction of 
airholes is also to be recommended, ex- 
perience having shown that in their ab- 
sence the wood becomes fusty.- It has 
already been pointed out that it is advis- 
able to coat the boards with silicata paint, 
to prevent rotting. This little extra ex- 
pense should not be spared, for it is by 
no means yet proved whether airholes 
alone will preserve the boarding; more- 
over, the introduction of openings for 
ventilation may be inconvenient. In any 
case, the naked boards must not touch 
the wet wall, as otherwise saltpeter would 
enter them and make them damp also. 
It would, perhaps, be advisable to remove 
the plaster wherever damp shows itself, 
before nailing down the boards. The 
wall would then absorb less moisture 
from the air, and would lose it quickly 
again in dry weather; under these con- 
ditions, the space between boards and 
wall would contain damp air for a shorter 
time, the presence of which is injurious in 
|any case. 

| Finally, with respect to the introduc- 
_ tion of an isolating layer between stones 
/and mortar, we learn from a prospectus 
‘lately issued that a special putty, called 
| Weissang jointing putty, has been intro- 
‘duced in Germany which appears to an- 
swer the purpose well. The mass, of the 
nature of asphalt, but without smell, is 
boiled with an equal weight of linseed oil, 
and put on as hot as possible. It is 
stated that about 2 lbs. of mixture cov- 
ers one square yard of wail space. The 
mass is sold retail in Germany at 1.80 
mark per kilogramme (11d. per lb.). As 
the price of linseed oil there is about 6d. 
per lb., to coat one square yard would cost 
1s. 5d. The mixture is applied in a pecu- 
liar manner. The wall is stripped of its 
plaster, the joints being picked out deep- 
ly. ‘The latter are then freshly set with 
mortar. After drying, the hot mixture 
is put on, and the \.all is once thinly 
rough-plastered. When the latter has 
dried, plastering is proceeded with as 
jusual. Under these conditions, a close 
‘connection of the plaster with the isolat- 
‘ing mass is effected. The latter is recom- 
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mended also for the protection cf gable- 
walls on the weather side against the 
penetration of damp; as a substitute for 
reeds (laths ) in plastering on wood; for 
painting timber and ironwork in new 


buildings; for preventing the growth of 
fungus on wainscoting and other wooden 
linings; finally, for coating hoardings, 
garden-rails, barriers, posts, tree and vine 
stakes. 





THE STORAGE OF POWER. 


From ‘The Engineer.” 


ProgaB.y at no previous period has there 
existed such a demand for what we may 
term portable motive power as that which 
manifests itself now. Power is wanted 
to propel street cars and trycicles, to 
drive washing machines and small lathes, 
to blow organs, to turn dynamo-electric 
machines, to propel small boats. We 
might extend our list considerably, but it 
is unnecessary, for to every reader of 
these pages a new field for the exertion 
of power will suggest itself, varying with 
the reader’s tastes, habits, and ingenuity. 
There can be no doubt that the inventor 
who could supply in a really portable 
form a machine or apparatus which could 
give out 2 or 3-Lorse power for a day 
would reap an enormous fortune. Up to 
the present, however, nothing of the kind 
has been placed in the market. Sir W. 
Thomson startled the world—apparently 
a long time ago, for events move quickly 
—with the announcement that he had 
carried a million foot-pounds in some- 
thing not much larger than a hat box. 
But it is really very doubtful if this ha 
been approached in practice. The sec- 
ondary battery is still a baby. What it 
may become no one can quite tell. Put- 
ting it on one side, we may proceed to 
consider what are the obstacles which 





power for the day, and would take away 
the run-down or discharged box to be re- 
filled. The patron of trycicles would but 
have to send to the nearest place where 
they sold power boxes to procure what 
he wanted; and thus equipped he might 
make a trip of twenty or thirty miles, 
only using his legs for the sake of exercise, 
and permitting his power box to do all 
the drudgery. Here, we think, is a suf- 
ficently attractive picture ; why is it in- 
capable of realization? Shall we never 
see such things done? Shall we never 
see such an announcement as this in the 
daily papers ?—* Messrs. Dyne, Erg & 
Co., Power Merchants; power boxes of 
the most approved construction wholesale 
and retail. Messrs. Dyne, Erg & Co. 
solicit the particular attention of tricyclists 
to their new invincible drivers, guaranteed 
to supply half a horse-power for ten 
hours at the cost of one penny per hour; 
weight 30 lb. The lightest for the power 
in the market.” 

We may point out to begin with that 
there is absolutely no difficulty whatever 
in storing power. Every time a watch is 
wound power is stored. The difficulty lies 
then not in storing power but in storing 
enough of it. In the present day we 
have learned to talk so glibly of horse- 


stand in the way of the production of | powers that we fail to realize the magni- 


portable power ; and, first, it will be well to 
define precisely what it is we are speak- 
ingabout. A locomotive or marine engine 
supplies an example of portable power in 
the fullest sense of the word; but we do 
not refer to locomotives or marine 
engines, but rather to something partak- 
ing in its nature of a watch—a something 
which may be wound up or charged with 
power in one place, and discharged or 
run downinanother. Thus, for example, 
in the case, let us say, of a small ivory 
turnery, a cart would bring to the door 
every morning a box which would contain 





| tude of that about which we speak. It is 
not probable that a tricycle or other road 
vehicle to carry, say, four persons, could 


be made which will weigh less than 4 ewt. 
If we add an equal weight for the power 
box, and 6 ewt. for four persons, we have 
a total of 14 ewt., and this cannot be suc- 
cessfully propelled at, say, seven miles an 
hour on a good road with less than half- 
horse power net. This means 16,500 
foot-pounds per minute, 990,000 foot- 
pounds per hour, or in six hours, in round 
numbers, 6,000,000 foot-pounds. The 
power expended on a trip of some forty 
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miles would suffice to lift 2,678 tons a 
foot high; it would carry 7 tons to the 
top of St. Paul’s Cathedral. All this 
power could be got out of 12 Ib. of coal; 
but, unfortunately, not under the con- 
ditions. Yet it will be seen that to stow 
away 2,678 foot-tons of power in a box 
weighing not more than 4 ewt. is not an 
easy matter. Three different methods of 
doing what is wanted at once suggest 
themselves, but they all depend on the 
same principle—elasticity. We may wind 
up springs; or we may compress air; 
or we may use heated water. There 
is a fourth way, concerning which we 
may say something presently. For the 
moment we shall content ourselves 
with dealing with the obvious, leaving 
the more recondite for future considera- 
tion. 

We have the conditions of our problem 
laid down. Wanted 2,678 foot-tons stored 
in an apparatus which, with all the gear 
necessary to cause the revolution of the 
wheels, shall not weigh more than 4 ewt. 
Springs suggest themselves in an instant 
—springs to be wound up by a stationary 
engine. A company has been formed in 


the United States for supplying spring 


power for tramears. Why not extend the 
principle? Let us see what figures can 
tell us on this point. It is tolerably clear 
that our spring must be strong and there- 
fore heavy, and it may be conceded per- 
haps that the gearing to drive the road 
wheels cannot weigh less than 1 ewt. If, 
on the other hand, the spring were at 
tached directly to the driving axle, the 
moment the brake or other stop was re- 
leased the vehicle with its occupants 
would begin a headlong course, not un- 
like that of the American dog who was 
tied by his master at the tail end of an 
express train, “ because he was used to 
beingled.” Some equalizing arrangement 
must be introduced analogous to the fusee 
of awatch. A brake could not be em- 
ployed because it would simply waste 
power. We have, then, let us suppose, 3 
ewt. of spring. But if a spring is to last 
for some time without breaking it must 
have no more work stored in it than 
would suffice to lift it about 60 ft. Let us 
strain a point, however, and suppose that 


our 3 ewt. of spring could lift 3 ewt. 100, 


ft. high ; then we have 33,600 foot-pounds, 
or just power enough to propel our 
vehicle for two minutes instead of six 


hours. If we look at the problem from 
another point of view, we find that no 
less than 27 tons of spring would be re- 
quired to supply half a horse-power for 
six hours. Springs of steel are quite out 
of the question. 

Next comes compressed air, and this is 
more promising. Indeed, compressed air 
has been uged by several engineers with 
comparative success,in propelling vehicles; 
but it is open to question whether in this 
way we can obtain what we want. We 
must have an engine to enable the com- 
pressed air to doits work. This, with its 
appurtenances will weigh, say, 1 cwt., 
leaving us 3 ewt. A steel cylinder 6 ft. 
long and 2 ft. diameter could be kept 
under 3 ewt.. and yet be strong enough 
for our purpose. If it were filled with 
air compressed 31 times, it,would contain 
4,500,000 foot-pounds. But unfortunately 
this only represents the power which 
would be absorbed in compressing 580 
cubic feet, or about 45 lb., to 500 Ib. or 
thereabouts on the square inch, and dur- 
ing the compression the air would lose 
much heat, which would have to be re- 
stored, or the loss during expansion would 
be enormous. It would not be safe to 
reckon on more than a three hours’ run 
from our air spring, and, considering the 
difficulty of losing air at such an enormous 
pressure ; the cost of pumping it up to 
the stated density; and the risk insepar- 
able from its use, it is tolerably evident 
that compressed air will not supply what 
is wanted. 

We have next to consider what may be 
done with water on the system devised 
by Lamm, among others, and used for 
some time in the United States with suc- 
cess. The system would have to be 
materially modified for use on a small 
scale. We may take it for granted that 
at each stroke of the engine a few drops 
of highly-heated water would be injected 
into the cylinder, where they would flash 
into steam. Now, water under an absolute 
pressure of 270 Ib. on the square inch 
has a sensible temperature of 408 deg., 
and if we relieve the pressure, part of the 
water will be converted into steam, the 
water falling to the temperature normal 
to the new pressure. Thus if the new 
pressure were 50 lb. absolute, the temper- 
ature would be 281 deg., and 408 —281= 
127 deg.units per pound of water; and each 
pound of steam would require 916 units 
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for its formation; and a= 7-29. That 


is to say, for each pound of steam pro- 
duced we must caary 7.21 Ib. of water. 
But half a horse-power could not well be 
got from a small non-condensing engine 
for less than 30 lb. of steam per hour, or 
for six hours 180 Jb., and 7.29 + 180 = 
1,297.8 lb. of water. Ifthe pressure were 
greatly augmented the quantity of water 
would be diminished; but the strength 
of the containing vessel and its weight 
would have to be enormously increased. 
Under the conditions, it will be seen that 
it would not be practicable to obtain a 
run of more than about one hour or, say, 
seven miles. But there would be very 
considerable advantages on the side of 
steam, or rather hot water storage. ‘The 
pressure would not be more than half 


that of air,and there would be practically , 


no difficulty in keeping the water reservoir 
hot for three hours or more by enveloping 
it in suitable coatings of felt. We have, 
as far as possible, avoided the use of 
figures or recondite reasoning of any kind, 
our purpose being to show in the 
simplest and briefest way that it is ap- 
parently impossible to devise any me- 
chanical system of storage which will give 
out half a horse-power for six hours and 
weigh less than 4 ewt. or 5 ewt.; and it 
will be conceded that half a horse power 
is a very small thing and not competent 
to effect much. It probably represents 
the actual work performed per day by a 
London omnibus horse weighing 9 ewt. ; 
the horse during a part of his working 
time does much more, but for the re- 
mainder he does less. A horse weighing 
9 ewt. to 10 ewt. will plough steadily, if 
well fed, for ten hours a day, and prob- 
ably develops during that time about 
21,000 foot-pounds per minute, or, say, 
two-thirds of a horse-power; but it does 
not appear that in this direction we can 
at all rival nature in providing portable 
power. 

One method of storing power, and only 
one, remains for consideration, and it is 
worth it. 
of our readers may reject the idea as rep- 
resenting expedients too full of danger 
to merit notice. Without further preface 


we may say that we refer to the use of, 


explosives under proper conditions. A 
gunpowder engine was made and worked 
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At first sight, no doubt, many | 


and another gunpowder engine is now 
being tried in Germany—but chemistry 
has made enormous advances since then, 
and various compounds exist which, while 
weighing little, and capable of exerting 
an enormous force, may be burned slowly 
and without danger. The power stored 
in gunpowder is very great, amounting to 
about 70 fovot-tons per pound, so that 
about 40 Ib. would suffice to give out half 
a horse-power for six hours; and by using 
the principle of subdivision it may not 
only be burned without danger, but even 
when carried in moderate quantities, 
rendered quite safe from exploding ; but 
we do not propose the use of gunpowder 
as a means of providing portable power. 
The chemist may help us to something 
safer, cheaper, and quite as powerful. 
Gun-cotton, for example, may be burned 
without exploding, giving off enormous 
volumes of gas. It remains to be seen, 
however, whether compressed gas and air 
may not be burned, as in the existing gas 
engine, to supply what is wanted. We 
believe we are correct in stating that gas 
engines have been tried, and with success, 


for driving tramcars, although very little 


has yet been said on the subject. It will 
be seen, however, that gas cannot supply 
all that is wanted, nor, indeed, does its 
use come quite within the scope of this 
article. Gas is laid on to most houses 
now, and gas engines are plenty enough, 
yet they do not quite meet the want 
which a storage battery may yet, perhaps, 
be made to supply ; and nothing has yet 
been devised in this line which would be 
suitable for the propulsion of light 
vehicles, such as that to which we have 
given prominence in all that we have just 
said. 
—_——__ +e —_—_- 


6 lee high percentage of phosphoric acid in 
the cinder obtained in the basic Bessemer 
process has suggested the possibility of using 
it for agricultural purposes in the place of 
phosphate. A German contemporary gives the 
results of some investigations made at a large 
stee! works in Westphalia, the cinder from 
which contains, of silica, 6.20 per cent.; car- 
bonic acid, 1.72; sulphur, 0.56; phosphoric 


| acid, 19.38; iron, 9.74; manganese, 9.50; lime, 


47.60; and alumina, 2.68 per cent. The re- 
sult of tests was, that this cinder would do well 
as phosphate manure, and that it will not be 
necessary for this purpose to treat it with sul- 
phuric acid, because a considerable portion of 
the phosphoric acid is in a form which will al- 


many years ago, and with some success — ! low it to be assimilated readily. 
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STEEL FOR STRUCTURES. 


By EWING MATHESON, M. Inst. C. E. 


From Proceedings of the Institution of Civil Engineers. 


Durine the last ten years the use of 
steel has increased so continuously, and 
experience in its manufacture and ap- 
plication has accumulated so fast, that 
the time seems to have come when the 
precise position arrived at may be stated 
with advantage, and some apparent 
anomalies cleared up. ‘ Keeping strictly | 
to the subject of the present paper—| 
steel for structural purposes—it is worth | 
while to inquire why, seeing that the ob- | 
jections and uncertainties that hindered | 
the use of steel for shipbuilding and 
boilers have been entirely removed, it is | 
nevertheless only used for bridges in| 
exceptional cases, and hardly at all for | 
roofs and buildings. 

It is not within the scope of this paper | 
to deal with the preliminary question as | 
to what steel is. It is sufficient to say— 
paraphrasing a similar clause in Mr. 
Hackney’s paper in vol. xlii. on “The| 
Manufacture of Steel”—steel for the 
purposes of the present paper, is any 
variety of iron or alloy of iron, which is 
cast, while in the liquid state, into a mal- | 
leable ingot, and, to go further, which 
will, when rolled into a plate or bar, en- 
dure from 26 to 40 tons per square inch 
before fracture. 

As a convenient way of drawing atten- 
tion to the subject and of eliciting opin- 
ion, the author has attempted, in the fol- 
lowing series of propositions, to sum- 
marize what, in his opinion, is the pres- 
ent state of the case, and in the remarks 
that follow to elucidate them. 

1. Rolled plates, and bars of the vari- 
ous forms required for structures, are 
now manufactured in steel with as much 
certainty in regard to quality as iron of 
the first class. 

2. Advantages, in regard to size and 
weight of pieces, can be obtained in steel 
which in iron are either impossible or 
can only be secured at considerable extra 
expense. 

3. Steel has a superiority in strength 

ing from one and a half to twice that 
of iron, and at the same time a more than | 


proportionate superiority in ductility and 
elasticity. 

4. Steel can be manipulated in the fac- 
tory; bent, straightened, cut, planed, 
drilled, and punched with the same tools 
and processes as are used for iron, and 


for the most part without extra force. 


5. Protection against rust is of more 
importance for steel than for iron, but if 
treated in the same way as is usual with 
iron, steel is less liable to waste by rust. 

6. Owing to the above advantages, 


structures of steel are superior to those 


of iron; but economically it is only in 
some instances in regard to ships, and in 
still fewer cases in regard to bridges, 


‘that there is at present any pecuninry 


advantage in using steel. 

7. This limit to the application of steel 
is due partly to official rules which re- 
strict the working strains on steel, and 
partly to exigencies of design, which 
hinder the reduction in size and weight 
of members to the extent which superior 
strength might otherwise allow. 

8. Although for the above reasons 
steel structures may cost more than iron 
without any immediate compensation, 
yet, if measured by actual units of 
strength and durability, steel is cheaper 
as well as better for all but very small 
structures. 

9. The employment of steel may be 
encouraged and extended by a fuller 
knowledge among users of its qualities, 
by facilities for verifying these qualities, 
by exercising a wider choice of the kind 
of steel suited to the purpose in view, 
and by such a liberal alteration of the 
present official rules as will allow fuller 
advantage to be taken of steel than is 
usual or permitted at present. The sim- 
plicity of manufacture, as compared with 
that of rolled iron, renders almost cer- 
tain a nearer approximation in cost, if by 
a wider permission the demand for steel 
should increase. . ; 

Taking the foregoing propositions in 
their order, they may be further eluci- 
dated as follows : 
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1. All the plates and bars of various 
sections used in iron structures are ob- | 
tainable also in steel; and if, either in| 
large or in small sections, there is a 
limit to the variety obtainable, it is due 
only to a limited demand which restricts 
the number of rolling mills. In a new 
industry like that of steel, there is nat-| 
urally the disadvantage that there are 
fewer makers of it than there are of iron; 
and if a small quantity of any section is 
wanted there would be more difficulty in 
obtaining it in steel than in iron. 

In both there are some forms which | 
are more difficult than others to roll, and | 
this especially applies to sections wide | 
as well as deep. The wide deep bulb 
beams, of which large quantities are made 
for shipbuilding, require skill and care ; 
a deep and wide channel! bar still more ; 
and perhaps the worst section for rolling 
is a deep wide H section; it being prob- | 
ably for this reason that steel joists, 
which would be extremely useful, and 
of which large quantities could be em-| 
ployed in buildings, have not yet become 
an ordinary article of commerce. Even 
in iron, deep channel and H sections, if 
wide as well as deep, demand special iron. 
The difficulties in rolling have sometimes 
to be met by a combination of side rolls, 
or by building up separate bars into a, 
form approaching that of the desired 
section, the pieces being welded together 
as they pass throuzh the rolls, and fin- 
ished by other rolls of the tinal form. 
Belgian iron seems peculiarly adapted by 
its plastic nature to wide and difficult’ 
sections. Hence it is that so many joists 
and channel bars of iron, inferior in all 
other respects, are imported into this 
country. As H beams of steel have,’ 
however, been made in this country as 
well as on the Continent, it would be in- 
teresting if the makers could tell what 
probabilities there are of these forms 
being commercially successful. 

Tie uncertainties and accidents which 
oceurred in the earlier days of steel-mak- 
ing have left prejudices in the minds of 
some persons who, by not having occa- 
sion to use, or notice the use of, steel in 
recent years, have not acquired experi- 
ence in its quality. But the vast quan- 
tity of steel which, during the last few 
years, has entered into the construction 
of ships and boilers, and the small pro. 
portion of faulty pieces—a proportion | 


much smaller than is usual in iron—has 
proved incontestably that steel may be 
relied on. It may be asserted that, at 
the present day, out of a given number 
of steel plates by experienced makers, 
there would at most be no more, and 
probably there would be fewer, defective 
ones than among a similar number of 
Yorkshire plates of the highest quality, 
It would, however, be a great mistake to 
suppose that defective steel plates are 
now unknown. In this, as in other 
trades, competition and low prices may 
tempt makers to use inferior material, 
or to cheapen too much the processes 
of manufacture, the evil results show- 
ing, not necessarily in bad or weak 
steel, but in steel of a wrong kind. If 
an engineer's design depends on steel of 
a certain strength and elasticity, his 
plans will be disarranged and the margin 
of safety in the structure reduced if the 
special qualities he is reckoning on be 
not maintained throughout; or,in other 
words, if successive parcels of steel sent 
from the rolling-mill differ. The struct- 
ure made of them will be unequally 
strained in consequence. But while un- 
remitting watchfulness is as necessary as 
ever, the mystery which at first attended 
the manufacture and behavior of steel 
hardly any longer exists, and the pre- 
cautions necessary to success are well 
known. Every stage must be properly 
watched; the use of suitable ore and of 
pure fuel, a period in the converter ap- 
propriate to the kind of iron, the casting 
of sound ingots, and examination dur- 
ing the reduction of the ingot to see 
that no part of the metal having cracks 
or flaws is allowed to go forward to the 
rolling-mill. 

Among other points it now appears 
that the quality of steel depends, like 
that of iron, upon the amount of work- 
ing it receives, and that the thickness of 
ingot must, therefore, be proportioned 
to the thickness of the plate or bar to 
be rolled from it. With this proviso, 
there is room for much difference in re- 
gard to the manner of reducing the in- 
got, and hammering is not considered 
necessary by some makers. The sup- 
posed brittleness of steel, its liability to 
injury from punching, and the risks of 
damaging it in heating and welding 
arose when, in the first possession of 4 
novel raaterial, steel-makers and eng!- 
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neers alike endeavored to use steel of a 
strength and hardness associated with 
name, or, not being acquainted with the 
nature of the material, damaged it by 
erroneous treatment. 

2. The process of steel-making, by 
which the masses of metal to be dealt 
with are produced in the first instance 
simply by casting, allows the production 
of plates and bars of weight and size 
much greaterthan are usualiniron, where 
the piling and intermediary treatment of 
large masses are troublesome and costly. 
Thus, in the case of iron plates, extra 
prices begin and increase at a rapid rate 
after an area of 30 feet, or a weight of 6 
ewt. is reached, although this is a rule 
which varies in different districts, the 
limit being 8 and even 9 ewt. in some 
districts. But a steel ingot as usually 
made in England for rails weighs from 
30 to 35 ewt.; and although for bars and 
plates much smaller ingots are manu- 
factured, the full net weight which can 
be rolled from a 25-ewt. ingot is obtaina- 
ble at ordinary prices, unless extreme 
thinness or great area be demanded. 

Thus a plate, 18 feet long, 3 feet wide 
and # inch thick, is within the ordinary 
limits, and if a slight extra price be paid 
a }-inch plate 48 feet long by 4 feet wide 
can be rolled; or in the case of 4-inch 
plates a length of 16 feet, and a width of 
4 feet 6 inches can be given without ex- 
tra price. That is to say, the limit in 
area is 70 feet in steel as against 30 feet 
in iron, and the limit of weight is 15 ewt. 
as against 6 or 9 ewt. in iron. 

In the sizes of T, L, and other bars, 
there are differences similar to those in 
plates. In iron, the limit of section ob- 
tainable at the ordinary price is 8 united 
inches, and the limit of weight for any 
one bar is generally 4 ewt., the price per 
ton rapidly rising as the weight is in- 
creased. In steel the limit of section for 
such bars ranges from 9 to 10 inches, 
and beams as heavy as 15 ewt. are sup- 
plied at ordinary price. When long and 
heavy iron bars are required, the piling 
and rolling become very troublesome. 
For round bars an extra price per ton is 
incurred when a diameter of 3 inches, or 
a weight of 6 cwt., is exceeded. There- 
fore, solid piles of wrought iron are ex- 
pensive ; those 5 inches in diameter can 
only be rolled in short lengths, and larger 
sections have generally to be prepared 


under a steam-hammer and welded, while 
in steel the limit of length would prob- 
ably be as high as 40 feet. If solid 
screw-piles for a pier or bridge be re- 
quired, they would be about as cheap per 
ton in steel as in iron, and if not quite 
so cheap it would not be because the 
steel cost more, but only because there 
are few makers who have rolls of the de- 
sired size, and the competition would be 
limited. And if, for a particular purpose, 
long and large pieces are required, piles 
7 inches in diameter and 40 feet long, 
weighing 24 tons, can be made in one 
piece without welding, though at some 
extra cost. 

To the engineer there is the obvious 
advantage in having long and large pieces 
at command, that the number of joints is 
diminished and the weight of material, 
the cost of workmanship, and the incon- 
veniences in design, which must arise 
from jointings, are also reduced. In- 
deed, the exigencies of transport rather 
than difficulties in manufacture seem to 
limit the area and weight of pieces in 
steel. 

3. In comparing steel with iron in re- 
gard to strength and elasticity it is suffi- 
cient, for the present purpose, to accept 
those results which have gradually been 
obtained during the last few years, and 
which form the basis of the rules now 
established by the various official bodies, 
although the rules themselves may be 
modified with advantage. The larger 
share of the experiments by which these 
results have been elicited in this country 
have been connected with shipbuilding 
and boiler-making, and the desingers of 
bridges or roofs have ready to their 
hands the experience thus acquired. 

The ductility or capacity for elonga- 
tion, which, in mild steel of 30-tons 
breaking strain, is, on a test piece 8 
inches long, about 25 per cent. on the 
original length, rapidly declines when 
that strain is increased, and when a re- 
sistance to fracture of 40 tons is reached 
the ductility is only about 12 per cent. 
For boilers and, to a somewhat less ex- 
tent, for ships, where, as will be present- 
ly referred to, ductility is particularly 
necessary, very mild steel is used. When 
the choice has to be made between iron 
and steel for fixed structures, the low 
tensile strains which are permitted for 
steel, and which are appropriate to soft 
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steel, so far neutralize the advantage ob- | beams, and they assign maximum as well 
tainable, as at present to hinder the} as minimum limits of tensile strength. In 
adoption of steel in many cases where it | both these respects therejis a notable differ- 
could be used with advantage. ence in the rules of the French Admiralty, 

The Admiralty specification for plates | which graduate the minimum strain ac- 
and beams requires : ‘cording to the thickness of the pieces 

‘Strips cut lengthwise to have an ul- and sectional profile of bars, and 
timate tensile strength of not less than which prescribe no limit of maximum 
26 and not exceeding 30 tons per square strength, provided that a certain ductility 
inch of section, with an elongation of|is assured. The French rules demand 
20 per cent. in a length of 8 inches. higher minimum strength than any of the 

“ Strips cut crosswise or lengthwise 14 three English bodies, and it is only for 
inch wide, heated uniformly to a low plates more than # inch,thick, that so low 
cherry-red and cooled in water of 82° a limit as 28 tons per inch is prescribed, 
Fahrenheit, must stand bending in a while for plates between } inch and # inch 
press to a curve of which the inner radius | which include the majority of those used 
is one and a half time the thickness of in structures, the limit is about 284 tons 
the steel tested. perinch. That is to say, it isonly when 

“ The strips are all to be cut in a plan- ?-inch thickness is exceeded, that the 
ing machine, and to have the sharp edges minimum limit is as low as the highest of 
taken off. the three English rules just given, namely, 

“The ductility of every plate or sheet the 28 tons of the Liverpool registry. 
is to be ascertained by the application of An elongation on an 8-inch test piece of 
one or both of these tests to the shear- 20 per cent. before fracture is prescribed 
ings, or by bending them cold by the by the French rules, and manufacturers 
hammer. have free scope to give the highest 

“All steel to be free from lamination strength which such ductility will allow. 
and injurious surface defects. | As a matter of fact, the steel used in the 


“One plate or sheet to be taken for French navy is stronger than that in the 


testing from every invoice, provided the English navy. 
number of plates or sheets does not ex-| The steel as above deseribed is superior 
ceed fifty. If above that number, one to ordinary good iron in all its known 
of every additional fifty or portion of' qualities, namely, in strength, elasticity 
fifty. Steel may be received or rejected (the proportion which the limit of elastic- 
without a trial of every thickness on the ity bears to its strength), and ducility. 
invoice. ‘Referring to the shipbuilding steel made 
“ The pieces of plate or sheet cut out according to English rule, it will be seen 
for testing are to be of parallel width that its average strength is 28 tons, 
from end to end or for at least 8 inches | elasticity of 48=0.64, and ducility=0.25 ; 
of the length.” while the strength of good wrought iron 
The Admiralty tests for bars and is 21, its elasticity about 0.52, and ductility 
beams of various sections are the same about 0.15. The capacity of this steel to 
as for plates, with the addition of some | resist fatigue is not clearly known, but 
forge tests, and the strips are all cut| may be inferred with much probability 
lengthwise. from what has been already ascertained. 
Lloyd’s ruleis slightly more liberal than |In this respect, fatigue may be defined 
the Admiralty rules, as the minimum as the diminished resistance to fracture 


and maximum strains are each raised 1 
ton, the range being from 27 to 31 tons. 
The rules of the Liverpool Underwriters’ 
Registry give a range of from 28 to 32 
tons. Under these conditions steel, re- 
jected by the Admiralty as being too 
hard, may be utilized for vessels built un- 
der the Lloyd’s or Liverpool rules. 

The rules of these three official bodies | 
are alike in this, that they make no dif- 
ference between plates, T or L bars or' 


which comes after repeated application 


‘of strain, especially after strains varying 


within a wide range. Thus to take an 
extreme case, the strains on a railway 
axle tending to bend it backwards and 
forwards have a wide range; so also have 
those on a piston-rod being first in com- 
pression and then in tension ; and in some 
parts of continuous girders there are 
fluctuations from plus to minus strains. 
The bridge engineer in this country is 





— 


ew 9 Bees er lCUUUlCC Oe eS lC RO CU lw 


ball 


+ ad 


STEEL FOR STRUCTURES. 





under very different rules to those which 
control the shipbuilder; for while the latter 
has the quality of material very carefully 
prescribed for him by the Admiralty or 
Lloyd’s, the Board of Trade, which con- 
trols railway bridges, restricts the work- 
ing strains apparently without any 
regard to the wide range of difference 
possible in steel. At present there is a 
hard and fast rule that steel shall not be 
strained in tension to more than 64 tons 
per square inch, or an increase on the 5 
tons prescribed for iron of 30 per cent. 
Although at first sight this seems an 
arbitrary regulation, it must be acknowl- 
edged that there are difficulties in the 
way of more elastic rules, but this ac- 
knowledgment only points the way to 
overcoming the difficulties. It should be 
remembered that the Board of ‘Trade 
officials have never taken upon themselves 
the function of verifying the quality of 
the iron used in bridges, and in allowing 
a working strain of 5 tons upon iron it is 
on the assumption, doubtless, that this 
will be safe even with the worst iron that 
can be made. The much wider range of 
possibilities which exists in regard to the 
quality of steel is one of the difficulties 
hindering the use of steel. 


The improvements in manufacture of 
late years in the case of rolled steel have 


been accompanied by improvements 
equally great and import in the making 
of steel castings. Steel is more difficult 
tocast than iron, for the ordinary risks of 
the ironfounder are increased. A head of 
metal is necessary even more than in iron | 
to ensure soundness, but this alone will 
not suffice unless the steel be of the right 
mixture, or of the proper temperature, or 
if the composition and condition of the 
mould are not suitable. Moreover there 
is the difficulty that the steel may become 
chilled before it has filled the mould; and 
in cooling from the high temperature of 
molten steel there is a contraction which, | 
in articles of certain shape, may draw the 
castings entirely or locally asunder. 
There is also the risk that where absolute 
soundness is demanded a little extra 
silicon in the mixture will help to give it, 
but at the expense of ductility. Indeed, 
if stréngth and ductility be assured, a 
user will do well in not objecting to 
trifling specks in the casting which would 
be wanting in iron. But while these dif- 


ficulties are mentioned, experience has | 


taught that within certain limits of form 
trustworthy steel castings may be ob- 
tained. The advantages afforded are 
great. though they benefit the machinist 
more often than the builder of fixed 
structures, but there are cases where 
cast steel girders are extremely useful. 

Till recently an objection, insuperable 
in many cases to the use of steel castings, 
was their want of ductility; but now, 
while they afford all the advantage of 
shape which a casting alone can give, as 
well as a tensile strength four times that 
of cast iron, there is also the toughness 
and ductility of wrought iron. That is 
to say, following nearly the proportions 
found in rolled steel, castings up to 10 
tons weight will have a tensile strength 
of 28 tons, a limit of elasticity of 13 
tons, with an elongation before fracture 
of 20 per cent.; and when the steel is 
hardened in oil to a strength of 40 tons, 
a power of elongation in a test piece 2 
inches long still remains of 15 per cent. 
If the soundness and toughness of steel 
castings be thus assured, they become 
available for the compression members of 
trussed girders, although some reduction 
in the present price will be necessary to 
admit of their adoption in this way. There 
is a dislike, it may almost be said a prej- 
udice, among engineers against the em- 
ployment of cast iron for this purpose, 
but when properly disposed it is very 
useful. The author may, as an example 
of this method, refer to a bridge of three 
150-feet spans, designed about fifteen 
years ago by the late Sir Charles Fox, M. 
Inst. C.E., for carrying a single line of 
railway and a carriage road over the River 
Bremer in Queensland. In this bridge 
the upper members of the girders are 
each composed of a cast-iron tube, and 
it can hardly be doubted that in girders 
composed mainly of roiled steel, cast 
steel if it could be obtained at moderate 
cost would be preferred to cast iron. 
The same method is available for roof 
trusses. One of the strongest and yet 
cheapest roofs known to the author is 
that over the railway station at Amster- 
dam, designed by Mr. R. M. Ordish. The 
span of this roof is 120 feet, and the com- 
pression member of each truss is com- 
posed of cast-iron tubes. 

4. The experience of the last few years 
in the building of iron ships and girders 
has shown that very little alteration is 
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necessary in the appliances of a factory 
to work steel instead of iron. Indeed, as 
compared with iron of ordinary quality, 
which is often brittle, mild steel works 
more “sweetly” under. the cutting tool, 
and with less risk of spoiling the material. 
It has been incontestably proved that the 
mild steel used in shipbuilding may be 
safely punched, and that where the thick- 
ness does not exceed 4 inch there is no 
necessity for after annealing. If the steel 
be thicker than 4 inch it is desirable to 
rimer out the hole after punching, and 
beyond } inch the holes should be drilled. 
Much depends upon the arrangenient of 
the punching-machine, and it is probable 
that, by the improved methods now being 
introduced, the limits within which 
punching may be safely performed will 
be extended. The experiments of Mr. 
Parker, engineer-surveyer of Lloyd's 
Register, and Professor Kennedy have 
shown that the punching of steel, though 
it reduces the ducility of the metal round 
the hole, does not reduce its strength ; 
and if the ductility be restored, or if— 
what is generally more convenient—the 
hard metal be rimered out, the rest of 
the piece is unaffected. But while these 
experiments explain the facts in a most 
interesting way, the facts themselves de- 
pend, not on laboratary tests, but on the 
use of thousands of tons successfully ap- 
plied to ships and boilers. It is only 
necessary to state that at the great ship- 
yards of this country punching is per- 
mitted by the Admiralty and Lloyd's in- 


spectors within the limits named above. 


For hydraulic smithing and flanging in| 
of more importance than of iron, because 


dies the steel not only allows of the 
operations usual in iron, but also admits 
of the more difficult shaping into cupped 
forms, which can only be endured by 
Yorkshire iron of the highest quality, 
costing twice as much as steel. 

The steel rivets used in steel structures 
much resemble the finest charcoal iron in 
their ductility. They can be readily up- 
set and made to fill the rivet-hole, and 
there is less risk than in iron of cracking 
the head in closing. 

In steel as in iron, welding should be 
avoided as much as possible, especially 
when a direct tensile strain is to be borne, 
as in the tie-rod of a roof-truss or on the 
tension link of a girder. 
T or L frames of a girder, or in the 


frames of a ship, welding is often un-| 


strength 16% per cent. 


But in the! 


avoidable, and may be adopted without 
risk. While, however, steel has proved 
to be workable in the operations above 
mentioned, there is undoubtedly a dif- 
ference in behavior between steel and 
iron. If steel be unnecessarily heated, 
or if one part of a plate be cooled sud- 
denly while another part of the same 
piece is kept hot, initial strains may be 
set up which will tend to the starting of 
fractures from holes afterwards made in 
the piece. Steel demands a difference of 
treatment ; this remark especially apply- 
ing to the smithing and welding of steel. 
It may indeed be said, that in dealng 
with a new and superior material, a 
modific:tion of old methods is necessary, 
which is soon learnt by intelligent work- 
men, who readily adapt their methods to 
the steel just as a smith or other work- 
man who has been accustomed to manipu- 
late one class of rolled iron has to alter 
his practice when another class of iron is 
presented to him. A smith accustomed 
to work inferior iron is almost as much 
perplexed when set to work on good iron 
as in the opposite case, and it is obvious 
that a diminution in strength arising from 
improper treatment is of consequence 
proportioned to the original strength of 
the material, and therefore a more serious 
matter in steel than in iron. 

5. The liability of steel to rust was 
dealt with by Mr. D. Phillips, M. Inst. 
C. E., last session ; but as the subject was 
there almost exclusively confined to ships 
and boilers, the behavior of steel when 
exposed to the weather was hardly touched 
on. The protection of steel from rust is 


of the higher value of the material to be 
protected, and the greater loss of strength 
which the wasting away of a certain 
thickness implies. For instance, if the 
floor of a bridge be made of }-inch steel- 
plates instead of 3? iron-piates, the wast- 
ing away of ;; inch will in steel reduce 
the strength 25 per cent., while in iron 
the same waste will only reduce its 
The preservation 
of iron from rust is not in this country 
sufficiently considered. It will be an ad- 
vantage if, owing to the importance of 
the question when steel is to be treated, 
the methods of protection are more care- 
fully considered for steel and iron alike. 
Modern mild steel has not yet been used 
long enough to afford any precise knowl- 
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edge of the subject ; 
th: at, in regard to corrosion, steel is less | 
vulnerable than cast iron. 

The author touched on this question 
in the discussion on Mr. Phillip’s Paper, 
and ventures to draw attention to it once 
more. 


rust by being built into brickwork or) 
concrete, paint is the universal protector. 
Proper painting in the first instance and | 
accessibility for painting afterwards are | 
the two essential conditions : 
unately in iron structures both are very 


often unobserved. The accessibility for | 
future painting is frequently ignored in a | 
design, and narrow crevices or spaces are | 


left into which the paint-brush can hardly 
enter; painting is not often enough re- 


peated, and the scraping before the new | 


paint isapplied not effectually performed ; 
the railway bridges and roofs 


examples of this neglect. 

It cannot be too forcibly stated that it 
is impossible to protect rolled iron prop- 
erly by paint without the removal first of | 
the black oxide scales on the surface, and | 
it is interesting to know that this pre- 


liminary process is an advantage also in| 
At Crewe, all plates used for| 


steel. 
boilers and other parts are washed with | 
sal ammoniac. In ships the necessity for | 
preliminary treatment of the steel is even | 
greater than in boilers, as in salt water a | 
galvanic action sets up between the black | 
oxide on the surface and the iron within, 
which would soon result in corrosion. 
Therefore it is now the custom in all | 
shipyards carefully to remove the scales | 
from the steel plates before they are. 
painted. 

The occasional peculiar pitting or rust- 


| 
but it is probable 


Leaving out the few examples | 
where iron or steel are protected from | 


unfort- | 


in the) 
neighborhood of London afford numerous | 
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piled wrought iron. Moreover while 
rolled iron contains from 3 to 4 per cent. 
of slag and other impurities, steel con- 
tains only } per cent., and while in iron 
the rust eats into the laminations of the 
pile and leaves room for more moisture to 
enter, in steel there is a homegeneous 
substance, presenting a more solid front, 
which has to be eaten away gradually, 
and the granular rust which forms on 
steel is itself somewhat of a protection 
‘against a further advance; at any rate, 
the rust probably advances more slowly ; 
|in this respect being like zinc, which is 
protected by the oxide formed on its sur- 
face when exposed to the weather. The 
naked appearance of iron is well seen 
when a piece that has long been sub- 
merged in the sea is recovered, somewhat 
resembling iron which has been pickled 
in dilute acid. 

. 6. Steel having been proved to be 
stronger, more ductile, avd more elastic 
| than wrought iron, and probably also 

being better able to endure the f atigue of 
‘repeated strains, as in a railway bridge, it 
is per se better than iron for bridges. 
|But as in practice the relative value of 
two things can only be arrived at by com- 
paring the cost also, it will be found on 
investigation that at present, and under 
| the existing order of things, steel can, as 
a matter of strict economy, replace iron 
in comparatively few cases. Before 
‘analyzing this further, attention may 
‘be drawn to the difference between 
ships and stationary structures in 
'this respect. Ships are at times sub- 
|jected to strains so peculiar and so 
severe that it is almost impossible 
‘to calculate their extent beforehand. 
A ship supported at one moment upon 
all sides by water, and at the next, span- 


| 


ing into cup-shaped holes of plates of ning like a bridge (and with an enormous 
steel as well as of iron has never been/load) a chasm between two waves, has 
satisfactorily explained, and the chemical to withstand strains of «a kind never im- 
composition of the plates to which this| posed upon bridges. It is not improba- 
is due demands investigation. The) ble that the loss ‘of iron ships from leak- 
author will not further repeat here what age is often due to their having been 
he has already stated in regard to the! strained in some of their parts beyond 
proper preparation for painting, but! the limits of elasticity, whereby they 
would point out that steel, having been have been permanently distorted. In 
cast into an ingot with a skin much re-| the case of collision and leakage, the in- 
sembling that of cast i iron, the subsequent | ternal bulkheads may have to do duty 


rolling, while it does to some extent sub- 

stitute for the original skin the scales | 

which form on rolled iron, yet possesses 

to the last a greater homogeneity than 
Vor. XXVIII.—No. 4—22. 


as the walls of tanks to resist the press- 
ure of water. The huil is often bumped 
|against other vessels or against piles, to 
say nothing of rocks, and the plates and 
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beams are subjected to concussion which 
would break up iron, and yet may be 
withstood by ductile steel. 

Ships are built of steel for three prin- 
cipal reasons. There is the simple eco- 
nomical reason thata vessel built of steel 
saves so much in weight that she has an 
additional weight-carrying capacity of 
about 10 per cent. Therefore, even 
though the capital expenditure be greater 
than for an iron’ vessel, the gain in reve- 
nue more than compensates for it. Then 
there are vessels where reduced immer- 
sion is of importance; and vessels of this 
kind being frequently the property of 
high-class mail companies have the fur- 
ther advantage of greater strength and 
elasticity. Finally, there are the war- 
ships of the country ; and herethe justi- 
fication for steel is simple, the very best 
is wanted without regard to comparative 
cost, or, at any rate, within the limits of 
cost which modern steel allows. 

For steam-boilers the advantages ob- 
tained by the use of steel are even 
greater than in ships This has been 
most manifest in marine boilers, where 
the greater strength allows a steam 
pressure one-third higher than formerly, 
thus affording greater power with less 
proportionate consumption of fuel. 

The circumstances are very different 
for bridges. The maximum strains on a 
road or railway bridge can be calculated 
with much greater accuracy than those 
on a ship; and if, for the discrepancies 
which must always arise between actual 
and calculated strains, for the wasting by 
rust and for fatigue, the ordinary margin 
be left, no more seems necessary, and 
bridges, not being liable like ships to in- 
denting blows, need not be of such duc- 
tile material. 

At present steel costs, in proportion 
to iron, just about as much more, say as 
13 to 10, as the strains permitted by the 
Board of Trade on steel bear to the 
strains allowed on iron, namely, as 64 to 
5, though this difference in price be- 
comes less where, as already described, 
large or heavy pieces of steel are re- 
quired, this naturally occurring oftenest 
in large or heavy bridges. There is the 
advantage, of course, in steel, of less 
weight for transport, but the cost of car- 
riage, not only in the country of produc- 
tion but by - to distant countries, is so 
cheap that this is of little consequence, 





except where land carriage is expensive, 
as in South Africa, or over mountainous 
country. ‘There is, again, an advantage 
in the case of swing or movable bridges, 
where, if there be an overhanging struc- 
ture to counterbalance, the saving in 
weight is of great importance, as well as 
the saving in force required to move the 
bridge. 

A further consideration is that the 
weight of metal in a bridge has itself to 
be carried, and that a saving in the 
weight allows again a saving in the 
weight of material required to sustain 
it. This sort of compound saving makes 
itself felt according as the proportion 
which the metal bears to the moving load 
plus the road material, becomes greater. 
If, for example, the weight of iron in a 
50-feet span single-line lattice bridge is 
14 tons, and the moving load plus road 
material 77 tons, the proportion is as 1 
to 5.5, and the proportion of iron to the 
total load 1 in 6.5. If, on the other 
hand, the weight of iron in a single line 
bridge of 500-feet span is 1,000 tons, 
and the moving load plus the road ma- 
terial is 600 tons, the proportion is as 5 
to 3, or the proportion of iron to the 
total weight 5 to 8. Making, now, these 
bridges in steel with the Board of Trade 
limit of 64-tons strain per square inch, 
and assuming for a moment that the sec- 
tional area of every part could be re- 
duced in proportion to its greater 
strength, and in proportion to the strain, 
then the weight of steel in the first case 
would be 10.3 tons, and in the second 
case 555 tons. 

In the first case there would be a sav- 
ing in weight of 24 per cent., and in the 
second case one of 44.5 per cent. ‘The 
cost of workmanship per ton may be 
taken at rather more for the steel than 
for the iron because divided over a less 
tonnage. If, therefore, the price for the 
ironwork for the 50-feet bridge, includ- 
ing transport and erection, be taken at 
£18 per ton, and for the steelwork £22 
per ton, the cost would be 


In iron 
In steel 


Or a saving of 10 per ceut. 


The cost of very large bridges is gener- 
ally more per ton than of small bridges, 
and, therefore, if the price of the 500- 
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feet bridge be taken at £21 for ironwork 
as against £27 per ton for the steelwork, 
the cost would be 


£ 
In iron 21,000 
ee ere . 14,985 


Or a saving of 31.5 per cent. 


But while the foregoing figures may 
be useful as a starting-point, the saving 
there represented cannot be realized in 
practice. Taking, first, the 50-feet span, 
if the types of iron girder-bridges usual- 
ly adopted in this country be dealt with, 
and a saving attempted by reducing the 
sectional area of the parts, it will be 
found that no advantage in cost can be 
obtained on the basis of the foregoing 
rates per ton till a span of about 150 
feet be reached. Not only have the di- 
rect strains to be provided for, but the 
compression members must be stiffened 
against collapse, and, therefore, if less 
sectional area be given to an upper flange 
it will be found necessary to provide ex- 
tra bracing. Then, again, the rivets can- 
not be reduced in their total area be- 


cause steel rivets are little, if any, better | 
than the high-quality iron rivets used in | 


iron bridges, and the group of rivets 
must remain nearly as large. 


parts is small even in iron, a further re- 


duction for steel makes the question of | 


rust important. For instance, an engi- 


neer would hardly like to make any part 


thinner than } inch. From this point of 
view an increase in the working strains 
from 6} tons per inch to 8 tons 
would be of no service. 
necessary, if the advantages of steel are 


to be utilized, that the designs of gird-| 


ers must be modified, even though the 
cost of workmanship be somewhat in- 


creased. In iron girders of small span | 
no benefit is gained in adopting the | 
probably be at most 50 per cent., and 


forms which theory might prescribe 
as best. That is to say, parallel girders 
with flanges formed of plates and L bars 


are adopted, because the simplicity of | 


design more than compensates for an ex- 


cess of weight over more symmetrical | 


designs ; or, in other words, because suf- 
ficient metal can be given to them at less 


cost, for instance, than in bowstring | 


girders of less weight with tubular or 
trough-shaped members. Probably be- 
cause iron is so cheap in this country 


It will become | 


there has been less tendency than in 
Germany and in the United States to 
save weight by elaborate designs. When 
large spans are in question the more ap- 
propriate shapes are demanded and given 
| to iron bridges, and the advantage of do- 
ing this for small spans also with such a 
superior material as steel may become 
apparent. Then perhaps trough-shaped 
or box, or even cylindrical, members will 
be used so as to give stiffness with steel 
of moderate thickness. In the bridges 
built by Mr. Brunel, still to be seen, these 
principles were adopted as far as the lim- 
ited appliances and shapes of iron then 
at command allowed, but the heavier and 
less symmetrical forms have proved 
cheaper. It can hardly be doubted that 
the adoption of steel will encourage such 
modifications in design as will allow that 
reduction in weight which is impossible 
in small girders of the ordinary kind. 
Instead of 150 feet being the limit at 
which the saving could commence, prob- 
ably while a slight reduction in weight 
was possible, even for spans shorter than 
50 feet, the saving in money would begin 
at 100 feet, the most favorable opportuni- 
ties occurring when heavy loads had to 





be carried. 
In small 
spans, moreover, where the thickness of ' 


Taking, now, the two examples again, 
it will be found that while some parts 
can be reduced to the full extent, others 
can only be partially altered. and some 
not at all; and that the portion af- 
fected is smaller for the short span 
than for the long span, because it is 
easier in the latter to give to the parts 
exactly the sectional form and area which 
they require than in the short span, and 
as has been mentioned, large pieces are 
more readily obtained of steel than of 
iron, and the saving in connections can 
be fully realized. In the 50-feet bridge 
the proportion of the total weight im 
which the reduction can be made will 


on this basis the weight of steel would 
be 12.15 tons, and the cost £276.3, or 
an excess as compared with iron of 6 per 
cent. 

The case of the 500-feet bridge is dif- 
ferent, as the parts are larger and there 
is more room for economy without ex- 
cessive thinness anywhere, and by the 
use of long pieces metal may be saved in 


‘the joints. Still there would be parts 
‘like the cross-girders, floor, and wind- 
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bracing where the full saving could not 
be effected, so that probably 80 per cent. 
only of the parts could be reduced; the 
weight in steel then would be 700 tons, 
and the cost £18,900, or a saving over 
the iron of 10 per cent. 

But in the case of a large bridge of 
this sort the designer would be much 
hampered by the present rule of the 
Board of Trade, that 64 tons strain per 
inch must be the maximum, because it is 


obvious that in some parts the steel | 
might with advantage be harder and | 


stronger than in others, and, if free scope 
in this respect were allowed, a greater 
economy than 10 per cent. could be 
effected. 

The comparative weight of iron and of 
steel for any bridge, and the cost in iron 
and steel, depend therefore on four 
principal points :—First, the span and the 
imposed load, which together determine 
the proportion which the material of the 
bridge bears to the total load ; secondly, 
the mode of construction and skill im 
design which adapt the forms of the parts 
to the material ; third, the working strains 
permitted by the Board of 'l'rade or other 
authority ; and, fourth, the prices of iron 


and steel charged by the manufacturer, | 


Various considerations arise in re- 


gard to all these points, and the: 


author disclaims any intention of defining 


the limits within which either iron or) 
steel may be used. He only wishes to, 


show the present position of steel as 
against iron, and the effect of the present 
restrictions in excluding structures which 
might otherwise be made with advantage 
of steel. 

8. Although structures made of a 
strength to satisfy official rules, or the 


conventional rules adopted by engineers, | 


can in many cases be made more cheaply 
of wrought iron than of steel, there still 
remains the question whether it is not 
worth while to pay a slightly increased 
price for much greater advantages. For, 
under the present rules, there is no 
option but to adopt a margin of strength 
which would be considered excessive and 
unnecessary in iron. Taking even the 
mild steel as prescribed by the Admiralty 


for ships, the breaking strength of such | 


steel justifies 6% tons instead of the 64 
tons allowed by the Board of Trade; 
while, if the limit of elasticity be taken 


| 


| 


There is nothing even now to hinder 
engineers from using steel equal to 35- 
tons breaking strain, though they are 
forbidden to strain it more than 64 tons 
per inch. Therefore, without waiting for 
any such alteration in the rules as_ will 
presently be referred to, the question 
arises whether it is not worth while to 
pay 10 or 20 per cent. more for a bridge 
to gain 20 or 40 per cent. in quality. It 
must be remembered that the history of 
wrought-iron bridges under heavy, quick 
and continuous traffic is still a short one; 
and the question of renewals and 
strengthenings looms in a future not too 
‘distant to affect present proprietors. 
| Moreover, the tendency of traffic to be- 
|come heavier and more frequent is likely 
‘to continue, and what may appear an ex- 
cessive margin of safety now may prove 
/no more than sufficient in a few years’ 
'time. Although the circumstances differ 
‘very much from those of ships and 
boilers, it is surely suggestive to learn 
from those best able to judge that, at the 
rate steel is superseding iron, probably 
five years hence iron will be no longer 
used for either of these important pur- 
poses. If this be the case, doubtless, 
the manufacturer of steel will be so ex- 
tended as to cheapen and improve it for 
bridge-builders also. 

9. There are several means by which 
the use of steel may be extended. In 
the first place, the experience already 
gained as to the certainty of quality and 
the facility with which it can be worked, 
has not yet spread to all these concerned, 
especially to engineers in distant countries 
who naturally await some authoritative 
affirmation to set against the records of 
early mistakes, misapplications and fail- 
ures. Some ready means of verifying 
quality is essential to the free use of 
steel, the precautions at present adopted 
where steel is employed in large quantities 
‘not being feasible in ordinary cases, and 

by their minute investigation making 
those engineers who cannot enforce them 
disinclined to try steel. The Admiralty, 
who use thousands of tons, have a com- 
plete organization at command. Every 
piece is tested, and the treatment and 
behavior of the steel during the building 
| of a ship are watched in every stage. So 
| also for “ Lloyd’s Register of Shipping,” 
the number of vessels is great, and a reg- 


as the basis, the difference is still greater. | ular code of laws can be enforced with 
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precision. If an engineer has a big 
bridge to build, and requires 1,000 or 
5,000 tons of steel, he can and probably 
will have inspectors to watch the man- 
ufacture of the steel; nay, if need be, 
even to investigate its origin and the ore 
from which it is made, and may prove 
the qualities of every piece. But steel 
will never supersede iron in ordinary 
cases if precautions such as these are 
considered necessary; nor can it be ex- 
pected that the Board of Trade will in- 
crease the limits of strain till some cer- 
tainty of quality is assured. And yet at 


present to judge by the inspection which | 
takes place, tests are deemed more neces- | 


sary for steel than for iron, and are not 
so easily made. 


course of many years, become so well 
established that they can be safely ac- 
cepted without any test whatever, not 


only as affording sufficient guarantee of | 


excellence, but of the kind of excellence 
also. Where tests are demanded they 


are mechanical tests only, easily made, 
and if one piece out of one hundred be 
proved, all the bars or plates in that 
parcel may be safely acceptedif they are 


found free from defects easily to be de- 
tected by the eye. More than this, even 
if the iron be not branded or tested in 
any way, the mere fact that it has been 
produced by rolling, that it has borne 
the treatment of punching and fashion- 
ing into shape, indicates a certain 
minimum of quality which will suffice for 
many purposes, if only it be of ample 
substance, and this ample substance is 
sufficiently assured by the Board of Trade 
rule prescribing 1 square inch of sectional 
area for.a strain of 5 tons; and for 
structures outside the jurisdiction of the 
Board of Trade the same rule has been 
generally accepted. But to judge by the 
precautions adopted in regard to steel, 
all steel-makers seem to be looked upon 
with suspicion. The Admiralty, it is 
true, always demanded high quality even 
in iron, but it is interesting to note that 
Llyod’s still admit, as they have always 
done, iron of a low class, while enforcing 
such'strict rules about steel. The iron 
plates rolled in this country may be 
broadly divided into three grades of 
quality, the best being boiler-plates, the 
next best bridge-plates, and the next 
ship-plates. Therefore while, as has been 





In the first place, the | 
principal brands of iron have, in the) 


seen, ships are exposed to strains far more 
severe than bridges, to strains demand- 
ing ductility as well as elasticity of the 
metal, Lloyd’s admit to their register 
ships made of iron which has not a high 
character in either respect, while setting 
up so high a standard for steel. In re- 
gard to the iron used for ordinary build- 
ing purposes in this country the case is 
even worse. It is probably no ex- 
aggeration to say that three-fourths of 
the wrought-iron used by builders in 


| London is about the worst that is made, 


the contract system as carried out by 
architects and builders rendering this re- 
sult almost a matter of certainty. But 
no great harm comes of it; such iron is 
not often used for railway structures, and 
no disaster happens. It is true that such 
iron may only endure 17 tons before 
fracture instead of the 20 tons which the 
architect has specified, or be somewhat 
brittle ; but the limit of 5 tons per inch 
provides for all, at any rate for the service 
of many years, the earliest failures being 
most likely to occur in those cases where 
the structures are exposed to vibration, 
and are not properly protected against 
rust. But in regard to steel the case is 
very different. While the range of 
quality in the iron is only one-sixth, say, 
from 17 tons to 21 tons, the range in 
steel may be one half, for if it has been 
improperly made it may be inferior to 
wrought iron. And the ultimate buyer 
of the bridge, or girder, or roof, especially 
if he reside in a foreign country, may 
naturally desire some evidence that he is 
getting steel at all; for while, in an iron 
structure, he has the evidence of his 
senses that it is nothing worse than rolled 
iron, it is not so with steel. If a steel 
bridge be wanted weighing 50 tons, and 
if this be made of several shapes and 
sizes, the testing adopted in the case of 
larger structures will hardly be feasible. 
True that the word steel may be impress- 
ed on every piece, but some further sign 
or hall-mark seems to be needed which 
shall tell more clearly and positively what 
the steel is. Just as on a silver fork 
there are numerous letters which notify 
not only a quality but date, locality, and 
other particulars, so it might be sug- 
gested that on steel there should be three 
marks, one signifying steel, and a second 
the kind of steel as in regard to an Ad- 
miralty, or Lloyd's, or a bridge-builder's 
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standard. These two marks might be 
common to all makers, and then, as a 
third mark, if the brand or trade-mark 
of the maker were added, it would, in the 
forming of contracts, be considered as a 
warranty of considerable value. These 
marks would form lasting evidence, and, 
years after the bridge had been erected, 
its designer perhaps unknown, no invoice 
or specification available, if an engineer 
were examining into the safety of the 
structure to bear a certain load, the mark 
would give strong primd facie evidence 
of a useful kind. Whether such a plan 
be feasible or not, the author wishes to 
point out that it is far more necessary 
with steel than with iron, and that the 
absence of such security will retard 
greatly the use of steel, especially in 
commerce with foreign countries through 
intermediaries ; some mark or evidence 
actually pertaining to the structure hav- 
ing in such cases the greatest value. It 
is true that at present all steel makers 
have marks of their own to denote 
kind, such as S for soft steel, M for 
medium steel; but what is wanted are 
signs common to all makers, leaving them 
their trade-marks only as particular to 
themselves. 

It may of course be said that a remedy 
should be sought in the more frequent 
employment of private testing machines. 
At present the great cost of such ma- 
chines, and the special care necessary to 
their use, disincltines the makers of steel 
structures, or even the engineers who 
control them, from testing steel; but as 
the necessary knowledge is more widely 
known, such testing will probably become 
more common. 

It is not suggested that there should 
be any Government interference, for such 
a system is neither popular nor useful in 
this country ; but conventional rules may 
be established by a concurrence of makers 
and users, which would form the basis of 
agreement. Now that steel structures of 
importance are being made in this country 
the standard of quality which, after care- 
ful investigation, is arrived at for these 
might be conveniently adopted for less 
important structures, and be summarized 
in a mark common to all who chose to 
warrant it. 

But while some authoritative verification 
and stamp of quality seem thus desirable 
if steel is to be generally accepted instead 





of iron, this is not all that is needed. So 
long as the maximum strain permitted is 
only 64 tons per inch, steel is artificially 
burned in its competition with iron, and 
can only be used in a small portion 
of the cases where it would really be 
preferable. The experience of the last 
two years proves undoubtedly that steel 
capable of withstanding 35 tons per 
square inch before fracture can be pro- 
duced with the greatest certainty, and 
that with ordinary care it can be mani- 
pulated without any of those risks which 
formerly were supposed to accompany 
its use. Leaving on one side the ques- 
tion of steel for ships, which, as has 
been seen, differs materially from the 
question now under consideration of 
steel for fixed structures, rolled plates 
and bars equal to a strain of 35 tons can 
be made which will elongate 20 per cent. 
in 8 inches, and allow a strain of 20 tons 
before sensible permanent set commences. 
Compared with the soft steel used for 
ships it has a higher limit of elasticity, 
which is just what bridge-builders re- 
quire. This is gained by a reduction 
in ductility, which bridge-builders can 
well afford to lose even if it involves 
the necessity of drilling the rivet-holes 
instead of punching them. 

With, then, a resistance to fracture 
of 35 tons as compared with 20 and 
22 tons in iron, and with a limit of 
elasticity of 20 tons as compared with 
11 tons in iron, a maximum working 
strain of 8 tons could as safely be al- 
lowed as is the present limit of 5 tons 
in iron. The advantage would be im- 
mediate ; steel could then be economi- 
cally applied to smaller spans than the 
present rules admit of, especially, if as 
is likely, the wider use caused lower 
prices. The author is aware of the 
difficulties which arise in dealing with 
this matter. The present rule of the 
Board of Trade for steel is evidently 
made to conform to the existing factor 
of safety for iron. and is based on the 
breaking strain of the mild steel used 
in ship-building. If stronger steel be 
allowed, certain restrictions would be 
necessary or expedient in regard to the 
working strains in the various parts of 
bridges in which it is to be applied; 
but after all, sometbing must be left 
to the discretion and ability of the en- 
gineer. How the change will come it is 
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impossible to predict, but as the supe- 
riority of steel has now become so 
manifest, it appears as if its adoption 
must be made unquestionable either by 
more liberal rules of the Board of 
Trade, which will induce bridge-build- 
ers and purchasers by self-interest to 
use it, or by the prohibition of iron al- 
together. The difficulties which stand 
in the way of official bodies granting 
more liberal rules have already been al- 
luded to, and if the quality-denoting 
stamp on the steel, accompanied by 
the brand of the maker, as here pro- 
posed, be not considered sufficient or 
feasible, there is at any rate a middle 
path which would go far to satisfy engi- 
neers and at the same time the Board 
of Trade. This is to allow 8 tons strain 
where the purchaser bore the expense 
of official tests. There is plenty of ex- 
perience available for testing, and the 
Admiralty and Lloyd’s surveyors afford 
an already constituted body whose cer- 
tificates might confidently be accepted 
by the Board of Trade. And if a Com- 
mission is necessary to elicit facts and 
to prove the correctness of the views 
here stated, then let one be granted ; 
for it is ten years since the last, and 
the importance of the subject makes it 
high time there should be another. 

It does not follow that, if 8 tons 
strain were permitted by the Board of 
Trade, the maximum would always be 
adopted by engineers. It is one of the 
advantages of steel that it can, within 
a wide range, be made of any desired 
hardness and strength, thus allowing 
exactly the right kind to be chosen for 
each particular duty, in a way practi- 
cally impossible in iron. It can hard- 
ly be doubted that the -accumulated 
experience in steel-making and using 
must ultimately, and it is to be hoped 
soon, be expressed in regularly tabu- 
lated classes of steel. Such choice of 
kind would facilitate the method of vary- 
ing the factor of safety according to 
the proportion of dead load to moving | 
load, to which attention was drawn in 
Mr. B. Baker's book on long and short 
span ‘bridges, or according to the na-) 
ture of the strains, as alluded to by| 
Dr. Weyrauch and by Mr. Am Ende, | 
in 1881. That is to say, while a factor | 
of safety of 4 would amply suffice for the | 
main members of a large girder where | 


70 per cent. of the strain was constant 
from the weight of the structure itself 
and only 30 per cent. arose from the 
passing load, a factor of 5 or even 6 
might be appropriate for cross-girders, 
the strains on which fluctuate from nil 
to the maximum, and where, therefore, 
the fatigue was more rapid. Or, as an- 
other example, hard steel equal toa strain 
of 40 tons per square inch before fracture 
might well be chosen for the supporting 
columns or piers of a bridge, while the 
milder steel might be taken for the girders. 

The use of steel would undoubtedly 
be encouraged and extended by a reduc- 
tion in its price. Since the introduction 
of the Bessemer and other cheap meth- 
ods of making steel, there has been a 
continual reduction in the cost of manu- 
facture, and the example afforded by 
rails shows that an increased demand 
brings with it the competition of many 
makers who are stimulated to the inven- 
tion of labor-saving processes. Really, 
the process of making steel is simpler 
than that of making iron, though this is 
to some extent balanced by the greater 
capital expenditure in the plant of the 
steel works and the greater cost of ma- 
terial. While the ore used for ironmak- 
ing is abundant in Great Britain, that 
for steelmaking is found but in few dis- 
tricts, and in insufficient quantities ; and 
the necessity of importing ore from 
Spain, Italy, and Africa, of course, en- 
hances the price. ‘The fuel has also to 
be of special kind, specially prepared. 
These expenses bid fair to disappear be- 
fore the basic process, which is to render 
phosphoric ores—of which in this coun- 
try there is practically an unlimited sup- 
ply—available. At present, however, the 
fact remains that, notwithstanding the 
cheap price to which steel has been 
brought, it is still dear for bridges, and 


the quality which renders steel so valu- 


able for rails—its resistance to abrasion 


| —affords little compensation. 


One great advantage, therefore, that 
would arise, if the limit of 64 tons were 


extended, would be an increased demand, 


which would extend the manufacture, in- 
crease the output, and reduce the price. 
The whole calculation would then be al- 
tered, and when steel may not only be 
worked to 8-tons strain per square inch, 
but the difference in price over iron is 
less than it is now at 64 tons, then, and 
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not till then, will the area of steel struc-|in the making of glass, paper, bricks, 
tures havearrived. The history of manufac- | and other commodities, was the starting- 
tures in this country shows that the more | point in each of these trades of a sud- 
Government interference and restrictions | den growth almost inconceivable before. 
are reduced, the more does trade flour-|The introduction of such a period for 


ish. The removal of Excise limitations 


steel is greatly to be desired. 


RECENT HYDRAULIC EXPERIMENTS. 


By Major ALLAN CUNNINGHAM, 


R.E., Fell. of King’s Coll., London. 


Minutes of Proceedings of the Institution of Civil Engineers.* 


i. 


I. Inrropucrion.—This paper is for the 
most part a short general account of some 
extensive experiments on the flow of 
water in the Ganges Canal in Northern 
India, lasting over four years (1874-79), 
of which a detailed report was published 
in 1881.* All experimental and argumen- 
tative details are here necessarily omitted. 

The main object of the undertaking 
was to interpolate something between 
Mr. Bazin’s experiments on small canals 
and the experiments on American rivers, 
chiefly with a view to discharge-measure- 
ment on large canals, the proper measure- 
ment of such discharge being of great 
practical importance, but hitherto at- 
tended with much uncertainty. For any 
such work there are good opportunities 
in India from its system of canals both 
large and small, pre-eminent among 
which is the Ganges Canal. 

The extensive scale of the operations 
can be judged from the following ab- 
stract : 

565 Sets of vertical velocity-curves, each set 

; containing velocities measured thrice at 

ma every foot below the surface. 

543 Rod-velocities taken with above, each 
measured six times. 

133 Sets of surface, mid-depth, and bed velocity- 
curve work, each set containing veloci- 
ties measured thrice at from twelve to 
seventeen points on the transversal. 


ments was thus about 50,000. Besides 
these there were many occasional special 
experiments which together form an im- 
portant addition. 

Nearly all the observations, various, or 
even unpractical as some of them may 
seem, were strictly subordinate to the 
great practical end in view—viz. dis- 
charge-measurement: thus the first two 
items above were the earliest steps di- 
rected, at the suggestion of the Missis- 
sippi experimenters,* to discover some 
rapid means of measuring the mean 
velocity past a vertical, and actually led 
to showing that the tube-rod is well 
suited for this. 

An important feature in this work is 
the great range of conditions and data, 
and therefore of results obtained, this 
being essential to the discovery of the 
laws of complex motion. Thus the ve- 
locity-work was done at thirteen sites 
differing much in nature, some being of 
| brick, some of earth; in figure, some be- 
|ing rectangular, some trapezoidal ; and in 
‘size, the surface breadth varying from 
193 feet to 13 feet, and the central depth 
|from 11 feet to 8 inches. At one of the 
| sites the ranges of some of the conditions 
‘and results were: central depth, from 10 
| feet to 8 inches ; surface-slope, from 480 
| to 24 per million ; velocity, from 1.7 feet 











581 Sets of mean velocity-curves, each set con-| to 0.6 foot per second ; cubie discharge, 


taining velocities measured thrice at from 
ten to twenty-one points. 


| from 7,364 to 114 cubic feet per second. 


318 Central surface velocities, each measured | II. Hisrory.— This undertaking was 


forty-eight times. 


| initiated and planned throughout by the 


440 Surface-slopes (about 150 taken on both | aythor: the field work (lasting from 1874 


banks). 
90 Silt-collections. 
40 Evaporation measurements. 





*** Roorkee Hydraulic Experiments.” 


The total number of velocity-measure- | 


‘to 1879), reduction (finished in 1880), and 
| publication (1880-81) were all carried out 


junder his personal superintendence. 





* “Report upon the Physics and Hydraulics of the 


| 
Mississippi River, p. 292. 
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Every precaution which seemed possible 


was taken to secure accuracy, of which | 
full explanation is given in the detailed | 
report. The experiments and reductions | 
were made for, and at the expense of, the 
Indian Government, at a total cost of 
about £5,000, including 
This may seem a large sum, but such 


work is necessarily expensive from a cause | 


to be explained hereafter (Section VI.). 
III. Srres.—The Ganges Canal abounds 


in long, straight, fairly uniform reaches | 
It has the, 


200 feet wide and under. 
peculiarity of being laid out in reaches | 


of several miles in length, with masonry | 
| the use of floats will now be given; the 


falls of about 8 feet drop at the tail of 
each. The original bed-slope was found 
to give too high a velocity, and to cause | 
injury to the banks and bed. To meet 
this the falls were built up several feet 
after 1863, so that they are now all 
obstructed falls. 

Although these raised crests must have 
diminished the velocity, the longitudinal 
sections of the reaches show that there 
has not been much silting up above them. 
As the canal is often full of silt, this 
shows that the water is in pretty rapid 
motion close to the actual bed, and dis- 
proves the idea, sometimes advanced, that 
an obstruction across a channel causes 
a stillwater pool above it roughly flush 
with its crest. 
porarily raising still further the crests of 
the falls, thereby affording great control 
over the velocity and depth at any site 
due to a given quantity of water admitted 
into the reach, so that the mere gauge- 


reading at any site is no indication of the | 


velocity or discharge through it. The 


great range of data and results obtained | 
| quickert on the whole than the fluid par- 


| ticles about them. 


resulted from the exercise of this control. 

The systematic observations were made 
at seven sites of different kinds—viz. at 
four sites in earthen channels of trape- 
zoidal section, with surface-breadths of 
186 feet, 189 feet, 193 feet, and 66 feet 
and under, and with central depths of 
11 feet, 10 feet, 9 feet, and 6 feet and 
under respectively ; also at one site of 
quasi-trapezoidal section, with a bed of 
clay and boulders, and banks consisting 
of flights of masonry steps, with a sur- 
face-breadth of from 171 feet to 150 feet, 
and central depth of from 11 feet to 14 
foot; also at a pair of sites in two similar 
rectangular masonry channels side by) 
side, each 932 feet long, and 82 feet broad, | 


publication. | 


There are means of tem- | 


with a depth of from 10 feet to 8 inches. 
These three last named are situate in the 
famous Solini embankment 2? miles long, 
and Solini aqueduct 1,112 feet long, and 
are extremely favorable for experiment. 
Some minor measurements were effect- 
ed at six other sites—viz.: at two large 
sites in the Solani embankment similar 
to the above, and also at four small sites 
in small distributaries of trapezoidal sec- 
tion in earth, with surface-breadths of 25 
feet, 14 feet, 14 feet, and 13 feet and 
under, and with central depths of 4 feet 
34 feet, 2 feet, and 34 feet and under. 
IV. Verocrry.—A short discussion on 


following short terms are used : 
Float.—Any freely floating instrument 


‘for measuring velocity. 


Run —The measured length through 
which a float is timed. 

Float-course.—The intended course of 
a float within the run. 

In fair course.—Close to the laid-out 
float-course. 

Forward* velocity.—The resolved part 


‘of the actual velocity at any any point, 


taken parallel to the current-axis. 
Note that the forward* velocity is the 
only velocity of much use in practical hy- 


'draulics, and is therefore the quantity 


really sought in most practical velocity- 
measurement; hence also the single word 
velocity is commonly used in hydraulics 
in the limited sense of forward velocity, 
and (for shortness’ sake’ will be so used 


‘in this paper; the context will show 
| when actual velocity is meant. 


Objection has been taken t to the use 
of floats, that they do not measure ve- 
locity at all, and also that they move 


These objections are 
first met in the “ Roorkee Hydraulic Ex- 
periments” by an argument showing that, 


|in spite of the ever varying and confused 


motion of the water, and of the consequent 
irregularity of the paths of floats, never- 
theless “very small floats do measure 
fairly an average of the forward velocities 
of the fluid particles successively in con- 
tact with them throughout their run;” 
and this measure (styled for shortness a 
float-velocity) must—for want of better 


* A useful term adopted from Prof. James Thomson, 

+ “ Annual Report of the Chief of Engineers,” U.S.A. 

t Dubuat’s “Principles d’Hydraulique ;” Bélidor’s 
“ Architecture Hydraulique ;’ Weisbach’s ** Mechanics 
of Machinery,” &c. 
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means—be accepted as a measure of the | 
forward-velocity at the middle of the fail in all these points. These reasons 
float-course. were held to justify the exclusive use of 
The following appear to be the true) floats for all systematic velocity work at 
criteria of a good float observation, viz.:| Roorkee. The floats used were of three 
that the float should be moving in relative | kinds: namely, surface-floats for surface 
equilibrium with the fluid just before en-| velocity; double-floats for sub-surface 
tering the run; and that it should pass | velocity ; and loaded rods for mean ve- 
through the run in fair course and in the} locity past a vertical. The surface-floats 
same state of relative equilibrium. A | consisted either of a 3 inches by 3 inches 
float-observation satisfying these condi-| by } inch pine disk, or of a 1 inch by 1 
tions should be accepted as good, without | inch by £ inch cork disk; the other two 
any reference to its timing proving! instruments will be described hereafter. 
longer or shorter than others. Great) V. Drrams.—Some details about ob- 
stress is laid on this, as the practice of | serving the water level, depth, and wind 
some persons is to select from a number! will now be shortly described. 
of observations those which agree nearly) Water level.—The water surface is in 
in timing, and to reject the rest; this a state of constant slight but rapid oscil- 
practice appears wrong in principle.| lation, so rapid that it is impossible to 





they are very cheap. Fixed instruments 


Next, no float which does not satisfy the, 
above should be recorded; this saves 
useless records in the field book. 

In observing the following precautions | 
are important: the ropes defining the, 
run should be strained at the lowest 
possible level, and the pendants defining 
the float courses should graze the water. 
The run should be the shortest compati- | 


note any but the highest and lowest 
water level. The practice here was to 


note the highest and lowest water level 


occurring in about one-half minute, and 
accept the mead of these as the free 
water level of the time. By comparing 
the level so given by an adjacent still 
water gauge, it was found that the free 
water level stood, as a rule, slightly higher 


ble with accurate timing; and, in using! (even as much as 0.07 foot) than the still 


short runs, accuracy is essential both in| water level. ‘The reverse occurred only 
laying out the run and in timing. Of) six times in sixty-three trials. This is an 
these precautions the first and last are| interesting confirmation of the law known 
essential. The second is of great practi-| from theory, that the pressure in ranning 
cal importance in saving time, for in con-| water isless than in still water. The differ- 
sequence of the unsteady motion floats | ence is, as a rule, very small; still for 
will seldom move throughout a long path | accurate investigation the water level 
in sufficiently fair course to be worth| should always be taken in the same way. 
recording. The following experiment! Again, to determine with the precision 
was tried: forty-eight surface-floats and | small differences of water level at different 
forty-five rods of various lengths were| places, the surface level must be taken, 
timed, each one through four adjacent | not only in the same manner, but also 


runs of 25 feet, 50 feet, 25 feet, and 100° 
The results from the 50 feet and! 


feet. 
100 feet runs were so nearly alike that the 
former was adopied as the standard run. 
Shorter runs of 25 feet and 124 feet were 
used only close to the banks, where the 
irregular motion causes undue waste of 
time with a longer run. 

The following advantages are claimed 
for floats: 1st, they interfere little with 
the natural motion of the water; 2d, they 
measure velocity directly; 3d, they can 
be used in streams of any size; 4th, they 
are not much affected by silt or floating 
weeds, &c.; 5th, they measure “ forward- 
velocity”; 6th, they can be made up and 





repaired by common workmen; and 7th, 


at the same time at each place. Great 
attention was paid to this. It was found 
that in calm air the free water level of 
opposite banks differs only slightly ; but 
that in a high cross wind it stands mark- 
edly (even as much as 0.07 foot) higher 
on the lee shore. These conclusions are 
based on thirty-six trials in calm air and 
sixteen trials on a high cross wind. Hence 
all depths depending on a gauge reading, 
and also all quantities such as discharges 
computed from them, are liable to slight 
over or under estimation in a high cross 
wind, according as a gauge stands on the 
lee or weather shore. 

In all experiments lasting over any 
time the mean of the water levels taken 
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as above at the beginning and the end 
was accepted as the mean water level of 
the experiment. 

Average Depths.—In all cases of ir- 
regular beds average depths were ob- 
tained by sounding along each float 
course in six or eight places, so as to 
give six or eight cross sections about 25 
feet apart. The average of these gave 
an average cross section, from which all 
wet borders, areas, and hydraulic mean 
depths were computed ; also the mean of 
the depths along each float course was 
always taken for the depth thereon. Some 
such procedure seems an essential in all 
irregular beds, as the velocities through 
any site depend on the bed just above 
and below the site as well as at the site. 
The great labor thereof is a drawback, 
but not a justification for omission. 

Wind.—The direction and velocity of 
the wind were observed at the beginning 
and again at the end of every experiment. 
The mode of recording this in the printed 
tables is worth notice, from its concise- 
ness and convenience. The direction of 
the wind relative to the current (and not 
its real cardinal direction) is alone of im- 
portance as affecting the motion of the 
water; the direction of the wind was 
therefore always entered relative to the 
current axis taken as the working merid- 
ian or N. S. line. Thus a wind from up 
stream is entered as N. (north), a cross 
wind from the right bank as W. (west), 
and so on; one of variable direction is 


entered V. The velocity deduced from | 


observing the number of seconds occu- 
pied by one revolution of the hand of an 
anemometer was entered in feet per sec- 
ond: a wind too light to move the ane- 
mometer was denoted as / (light). The 
mean of a number of such wind data was 


obtained by finding their resultant by the | 


theorem of the polygon of forces by a 
graphic construction, and dividing it by 
the number of data. 

The wind results can only be looked on 
asa rough indication of some cause of 
disturbance of the motion of the water, 
as there is no known way of making any 
quantitative allowance of it. It is ques- 


tionable whether the wind data obtained | 
were the best for the purpose. The high- | 


est wind, and also the total, or mean wind 
during each experiment, are also impor- 
tant data. 


| VI. Unsreapy Moriton.—One of the 
‘most important conclusions from modern 
experiments is that the motion of water, 
even when tranquil to the eye, is extreme- 
ly unsteady, so that there is no definite 
velocity at any point; but the velocity 
varies everywhere largely from instant 
to instant. The evidence of this is pure- 
ly experimental] ; the variability of direc- 
tion and magnitude may be studied sep- 
arately. 

Variability of Direction.—In any tol- 
erably clear silt bearing stream the mo- 
tion of the particles of silt will be seen to 
be most confused; some hurrying up, 
some down, some cross ways, in appar- 
ently ever variable disorder. The paths 
of floating chips cross each other very 
irregularly. This transverse motion 
forms one great difficulty in the use of 
floats. Again, weeds, strings, &c., fixed 
at only one end, sway about irregularly ; 
such motion is unfavorable to the use of 
current meters. The inference is that 
“the stream-lines interlace irregularly 
from instant to instant in all directions.” 

Variubility of Magnitude —This is 
well seen in the use of floats. It is a 
common thing for floats passing in suc- 
cession under a rope, say in the order A, 
B, C, &c., at 2 inches or 3 inches intervals, 
and running nearly in one float course, to 
pass under a parallel rope 50 feet lower 
down stream in a different order, say, B, 
A. C, &e., or C, B, A, &e. It was found 
in the Roorkee experiments that the 
range of velocities deduced from a num- 
ber of similar floats run in rapid succes- 
sion over nearly the same float course 
was commonly 20 per cent. of the mean. 
In some of Harlacher’s experiments a 
current meter was fitted with electric 
connections, so as to record every revo- 
lution ; the variations amount to from 20 
| per cent. in surface velocities to 50 per 
cent. in bed velocities in a few seconds. 
These rapid changes are certainly not due 
to faulty experiment, but to the variation 
of the motion itself. 

Extreme variability in both direction 
and rate (technically unsteadiness) must 
be accepted, then, as a fundamental prop- 
erty of the motion of water. It is anal- 
ogous to the well known unsteady motion 
of the wind, which is well shown by the 
‘swaying of the wind vane, and by the 
| fluttering of a pennon. This conclusion 
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has an important practical bearing on | 


both theory and experiment. First, as 
to theory, many formule and investiga- 
tions are based on two hypotheses of 
parallel motion and of steady motion, 
neither of which states exists even ap- 
proximately. Next, as to experiment, 
any single velocity measurement is clear- 


ly an accidental value, possibly the maxi- | 


mum or minimum; non synchronous 
velocity measurements at different points 
are therefore commonly incomparable. 


Hence in most cases the average values | 
of velocities are the only comparable | 
ones, and therefore the only ones of much | 


practical use. With current meters tbis 


averaging can be done by letting them | 


run for a considerable time. With floats 
it might be thought sufficient to increase 
the length of run; but this has been ex- 
plained above to involve too great waste 


of time; it can then be done only by re-) 


peated measurement of each velocity 
sought. As to the number of repetitions 
necessary, twenty seven instances are 
qnoted in the Roorkee experiments of a 


velocity measurement from twelve to one | 


hundred times repeated, from which it 


appears that the means of twenty-five | 
and of fifty repetitions do not differ more | 


than 0.05 foot per second. The twenty- 


seven cases are of very varied kind ; they | 


include eighteen cases of central surface 


velocities, each forty-eight times meas-| 


ured in calm air at eight widely different 
sites; and nine cases of central velocity 
measurements at 5, 6, and 9 feet depths, 
ascertained with various instruments, re- 
peated from twelve to one hundred times. 
From this evidence it was concluded that 
a fair average might be expected from 
about fifty repetitions, and the number 
forty-eight was chosen as the standard to 
be aimed at. ‘This is very laborious work ; 
so many repetitions could seldom be done 
in less than half an hour, and they some- 
times took an hour. Such experiment is 
necessarily tedious and expensive; as it 
would take many hours to obtain average 
values at only a few points. 

Again, a serious practical difficulty 
arises in that the state of the water is 
itself very varying in a canal, chiefly from 
the regulation of the supply into, and 
withdrawal from, each reach ; whereas, it 
is essential that observations intended to 
be combined should be made in nearly 
the same state of water. The system 


adopted, to secure this condition through- 
out a number of velocity measurements 
‘at many points on any one vertical or on 
any one transversal, was to measure the 
velocity thrice at each point thereof, in 
turn from end to end of the vertical or 
transversal in question, as quickly as pos- 
sible. The mean of each trio is accepted 
for permanent record. Such observa- 
tions, together with all data collected 
with it, ¢ g., gauge readings, surface slope, 
state of wind, &c., are briefly styled a 
“set.” When one set was done, a second 
was undertaken, then a third, &c., each 
complete in itself, as long as the working 
hours, weather, and state of water per- 
mitted. Each set is thus a complete 
group of data collected within a short 
time, and therefore in as nearly the same 
state of water as practically attainable. 
Afterwards all sets of similar character, 
namely upon the same vertical or the 
same transversal, at the same site, and 
nearly in the same state of water, were 
collected into groups shortly styled 
“series,” and the means of the several 
data taken. The proper criterion of sim- 
ilarity of the state of water seems to bea 
close similarity of gauge readings through- 
out the reach and of the control at the head 
‘and tail of the reach. The actual practice 
was, however, to combine all sets with 
nearly the same mean velocity and nearly 
the same water level, a range of 0.3 foot 
of water level being admitted. The ir- 
regularity of the wind forced the combi- 
nations to be made almost irrespective of 
wind, The fairness of these combina- 
tions in forming averages is a matter of 
great importance; in other experiments 
on a large scale such strict rules have not 
been observed, combinations having been 
used of work in very different states of 
water, and even of dissimilar work when 
judged as above. The means of the sev- 
eral data in a series evidently form a set 
of mean data taken under nearly the same 
average conditions. The field work was, 
when possible, repeated so as to obtain 
about sixteen sets in a series ; each mean 
of velocities would thus be the mean of 
'16X3=48 repetitions, and therefore a 
fair average value. But from canal exigen- 
cies certain states of water occurred very 
|seldom; thus the series for such states 
‘contain only a few sets, some only one 
'set; this was unavoidable. Except for 


|. : : - 
‘illustrating special points, such as un- 
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steady motion, only the mean results of 
series have been used in discussion. 

On plotting the velocity ordinates so as 
to form curves showing the forward ve- 
locities at all points of a vertical or of a 
transversal, to be styled for shortness 
vertical and transverse velocity curves, 
itis evident that curves formed from a 
single set, or from only a few sets, are 
very irregular, and that they become 
more and more regular in outline with 
increase of the number of sets in the 
series represented. Curves formed from 
many sets, each ordinate of which is 
therefore an average velocity, may be 
styled average curves; these are the 
only ones from which geometric pro- 
perties can be readily traced, and are 
the only ones worth discussing. They 
exhibit the following general properties : 

“They are very flat, and are mostly 
everywhere convex down stream (excep- 
tions being traceable to irregularity of 
bed or banks).” 

“The maximum velocity is furthest 
from the resisting margin.” 


Taking the evidence as a whole it would | 


seem that, though the motion is very un- 


steady in detail, yet there is nevertheless | 


an average steady motion. 


VIL. Surrace Store.—One of the most | 
important hydraulic data is the surface | 


slope of a stream; this, from its extreme 
smallness and from the oscillation of the 
water, is difficult to measure. Great care 
was taken to secure the best results ; it 
must suffice to say here that the water 
levels at the two points concerned in find- 
ing any one slope were always taken at 
the same time by signal; for shortness 
these will be called the slope points, and 
the distance between them the slope 
length. 

First, it was found from twelve trials 
of slope lengths of 2,000 feet and 4.000 
feet symmetrically situate about the same 
site, that the deduced slopes are liable to | 
differ by 25 per cent. This shows that 


surface slope is probably a quantity not 


admitting of proper measurement, as dif- 
ferent slope lengths give such very differ- 
ent results. 
length should be the shortest, compatible 
with accuracy in measuring the surface 
fall therein; also that to give compara- 
ble results a standard slope length should | 
be adopted, and that the same slope 
points should always be used at any one | 


It seems clear that the slope | 
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site. The standard slope tenet on this 
work was 2,000 feet. 

Next, by taking thirty-one pairs of 
slope measurements in pairs at the same 
time at three sites 1 mile to 2 miles apart, 

it was found that the surface slope may 
be very different at different parts of the 
same reach. 

Again, from one hundred and eighty- 
one pairs of slope measvrements on both 
banks at six sites, the measurements on 
the right bank being taken two or three 
hours after those on the left bank, it ap- 
pears that the surface slopes of opposite 
banks may differ 50 per cent. Hence it 
would seem that a surface slope should 
always be deduced from simultaneous 
water levels on both banks, two on each 
bank, thus requiring four skilled observ- 
ers. This course could not be adopted 
from want of observers. ‘lhe general 
conclusion from over five hundred cases 
was that surface slope measurement is so 
delicate a matter that the results are of 
doubtful use. 

From numerous data it was found that 

the surface-gradient at different parts of 
a reach depends partly on the depth, but 
much more on the control at the tail. 
| Also, that the figure of the free surface 
along a reach depends chiefly on the con- 
trol at the tail; thus, during high supply 
| with constant obstruction at the tail, the 
‘free surface sinks in nearly parallel lines 
in the upper sub-reach and in con- 
verging lines with decreasing gradient in 
the lower sub-reach, and therefore be- 
comes a concave surface; and the con- 
cavity is greatly increased by increase of 
the obstruction at the tail. 

VIII. Surrace Convexiry.—Since fluid 
pressure decreases with velocity, there is 

‘some ground for expecting that the sur- 
face of a stream should be convex, i.e., 
stand highest about the middle or where 

|the motion is quickest. The experimen- 
tal evidence of this is very small. 

| In the atlas illustrative of Darcy and 

Bazin’s hydraulic experiments there are 

forty-six carefully drawn cross sections of 
channels less than 64 feet wide; these 
include nine cases of central elevation, 

‘and eight of central depression above or 

ibelow both banks, and _ twenty-nine 
|doubtful cases. On the large scale the 
author knows of only two cases in 
| point. In the “Annales des Ponts et 
Chaussées” for 1848, Mr. Baumgarten 
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states that once the surface of the Ga-| ent faults upon the deduced velocities is 
ronne was ;4; foot and ;!; foot above that | also discussed at length. It must suffice 
at the banks when the river was rising 5 | to state the principal one, viz.: that, in 
feet in a day, and was another timenearly | consequence of the current-action on the 
plane when the river was falling 8 feet in | connector joining the surface to the sub- 
a day. Again, General F. H. Rundall float, the efficiency of a given double-float 
states that on the Godavery and Mahan- decreases with the depth of the sub-float 
uddy, when in flood, the surface used to | so that there is a limit of depths at which 
present to the eye the general appearance it ceases to be useful. The resultant 
of being convex, plane, or concave, ac-/|eftect of all the faults is, that the sub- 
cording as the river was rising, station-| float moves at a depth higher than that 
ary, or falling, “so plain as to be unmis- | indicated by the length of connector, so 
takable to all who were eye-witnesses of | that the velocity-measurement is attribut- 
it.” All this evidence together is very | ed to a depth greater than the real depth, 
little ; the last is, indeed, only a note of|and is further affected by current-action 
the observer’s mental impressions. Now’ on the surface-float and connector. 
the mind is singularly liable to be de-| The double-floats used in the systema- 
ceived in impressions of slight convexity tic work were of two patterns. One had 
of large areas ; ¢.g., to an observer on a a spherical wood sub-float of 3 inches 
high mountain or in a balloon the distant diameter, loaded with lead, connected by 
plain or sea always appears to rise to the ‘a brass wire 0.012 inch thick to a3 inches 
level of his eye, so that the earth’s sur- by 3 inches by } inch pine disk as sur- 
face seems concave to him. face-float. The other had a spherical 
The question is of such high interest | copper shell 1$ inch diameter as the sub- 
that an attempt was made to test it by float, loaded with lead, connected by a 
taking at the same instant the free water silk thread ;4, inch thick to a1 inch by 
levels at the center and at both banks in | 1 inch by } inch cork disk as the surface- 
a stream of 171 feet surface breadth, and float. Calling the areas of the sub-float 
depth exceeding 10 feet at the center and exposed to direct and lateral current- 
under #5 foot and 8; foot at the two action 100 each, the areas exposed by the 
banks, with a surface velocity of about | surface-floats and connectors at the 
4} feet and 4 foot per second at the cen-| greatest immersion, 10 feet, were as fol- 
ter and the banks respectively. The os-'| lows: 
cillations, amounting to 0.07 foot at the Connector 
center, rendered the experiment an ex-, Surface-float. (10 ft. long). 
tremely difficult one. The center was 1st pat.11 direct, 30 lateral, 20 direct, 10 lateral. 
found to oscillate above and below the | 74 ” “ = a 
water level at either edge as much as 4, The tension of the connector of the 


foot; but the means of twelve trials on 
one day and twenty-four trials on another, 
both in calm air and with water gently 
rising, both gave the very trifling cen- 


first pattern was ample; that of the sec- 
‘ond pattern was only 30 grains. It is 
clear that at the greater depths (say over 
6 feet) the connector of the second pattern 


tral depression of less than 0.01 foot, so | had too much influence, and that it was 
that the fair conclusion seems to be that | not well designed for use in deep water. 
the water-surface is probably level across Mr. Robert Gordon, M. Inst. C.E., the 
on the average. | experimenter on the Irrawaddi, describes 

IX. Sussurrace Vexocirry.—For all! these floats, after actual inspection, as 
systematic sub-surface velocity measure- | “models for analysis on a clear-water 
ment the double float was exclusively regular canal;”’ on the other band, Mr. 
used. Such strong objections have been | Ellis, the experimenter on the Connecti- 
urged to the doubie float that a very full | cut, reports that they “were not what 
discussion is given in the text, and the | would be considered of the best form by 


adverse opinions are freely quoted. It|such American engineers as have had 





must suffice to say here that the Connect- 
icut experimenters, having tried both 
double- floats and current-meters together, 
decided that the former were “most re- 
liable.” The effect of the several inher- 


| most experience.” 

| X&X. Vertican Vextocrry-Curves.—There 
were in all five hundred and sixty-five 
complete sets of velocity-measurements 

| with surface and double-floats, at the sur- 
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face and at every foot of depth below, 
upon five hundred and sixty-five verticals 
at three sites. These have been com- 
bined into forty-six series (only two con- 
taining less than four sets), upon forty- 
six verticals, viz.: twenty-eight central, 
and eighteen variously situate non-cen- 
tral, one of which was only 7 inches from 
the edge. 

The range of conditions and results 
was as shown below : 





Work. 


every set, and the means taken out for 
every series. From the five hundred and 
sixty-five cases, it is at once seen that 
the mid-depth velocity is by no means 
constant, as had been supposed by the 
Mississippi experimenters. but varies 
nearly as much as any other velocity. 
The mid-depth velocity-measurements 
above have the disadvantage of having 
been made at various times, sometimes 
at long intervals. To test this point 





Conditions. Results. 





Vertical. 


Surface-breadth. | 


| Depth. Mean velocity. 





Central 


| 


i 


| 


Non-central, at’ 124 feet 
to § foot from edge.. 





Feet per sec, 
6.58—2.54 


Ft. | 
$2 || 


| Ft. Ft. 
| 11.0-3.9 


Ft. 
170 — 


169 — 82 4.27—2.20 











| 9.6—2.5 





The whole is believed to be the most 
important collection yet published. The 
mode of combination into series has 
already been explained ; the mean results 
of series are alone used in discussion. 
From these means forty-six vertical velo- 
city-curves have been drawn and pub- 
lished. The following are their salient 
properties : 

“The curves are generally convex 
down stream (except near. an irregular 
bank), and are all very flat; their flat- 
ness decreases from the center towards 
the banks.” 

“The maximum velocity line is usually 
below the surface, and sinks in a rectan- 
gular channel from the center outwards 
to about mid-depth at the banks.” 

“The mid-depth velocity is usually 
greater than the mean (on the same 
vertical), and the bed velocity is usually 
the least.” 

These properties agree closely with 
those of the curves illustrating Messrs. 
Darcy and Bazin’s small-scale experi- 
ments. 

The effect of the use of the double-float | 
upon the curves is fully considered in the 
“Roorkee Hydraulic Experiments,” and 
is shown to be to give them undue flat- 
ness, especially near the bed, where the 





curve is worst determined. 
The mid-depth and bed velocities were | 
computed by simple interpolation for | 


better, therefore, two special experiments 
were made; the same mid-depth velocity 
was measured forty-eight times running 
with the double-float, and twelve times 
running with a current-meter, the repeti- 
tions being as quick as possible; the 
ranges of the results were 16.9 und 12.6 
per cent. of the mean values, thus fully 
confirming the above. ‘lhe statement in 
the report on the Mississippi is shown in 
the “ Roorkee Hydraulic Experiments” 
to be based, not upon actual mid-depth 
velocity-measurement, but upon an argu- 
ment involving at least two doubtful as- 
sumptions. 

XI. Verricat-Curve Fievre.—The fig- 
ure of the vertical velocity-curve is a 
question of such high theoretic interest 
that great pains were taken to investi- 
gate it. It is a very delicate inquiry, in- 
asmuch as the available velocity-ordinates 
are not good data for the purpose; for 
the figure of the curve depends on its 
curvature, and therefore only on the 
“second differences” of the velocities, 
which are always very minute compared 
with the velocities themselves, so that 
a trifling error in the latter involves enor- 
mous distortion of the curve. The 
curves indeed are so flat that probably 
almost any geometric curve could be fitted 
pretty close to them. In such uncer- 
tainty, the only way of dealing fairly with 
the case, and especially of obtaining fair 
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values of the parameters involved, ap- 
pears to be to use the method of least 
squares. This method was adopted for 


computing the most probable parabole | 


to fit the forty-six observation-curves, 


and also the probable errors; an allow- | 


ance was made for the decrease of effici- 
ency of the double float with deep im- 
mersion, by varying the “weights” of 
the velocity-data with distance from the 
bed, the deeper having the lesser weight. 
This was a work of great labor, occupy- 
ing the author and two skilled computers 
upwards of a month; much of the labor 
consists in certain preliminary steps, 
which can be done once for all; the re- 
sults of these steps have been recorded 
in a form which can be used by any good 
computor. 

The general result is that, except near 
an irregular bank, the vertical-curve is ap- 
proximately a common parabola with hori- 
zontal axis; but the “probable error” of 
the computed parameteris often very large. 

This last result is of great scientific 
importance, for it shows that, though a 
parabola may be formed to fit the obser- 
vations well enough by other and simpler 
methods, such as by “trial and error,” no 
confidence can be placed in values of the 
parameter not formed by the method of 
least squares, as their probable error is 
enormous. Similarly formulas for the 
parameter depending on such values are 
probably wrong in form, although they 
may suit well enough for finding a curve 
to fit the observations, as great changes 
in the parameter will not unduly displace 
the curve. A full discussion is given in 


the text of the parameter-formulas pro- | 


The primary effect of wind appears to 
be the production of wave-motion, and it 
causes translation of the water only when 
long continued; were it not so, every 
wind would produce a current on a lake 
or at sea. It seems probable, then, that 
the short duration of marked up-stream 
or down-stream wind on canals and rivers 
prevents it from prominently affecting 
the sub-surface water, and with it the 
depth of the quickest stream-line. All 
modern experiment shows that forward 
| velocity decreases with approach to a 
|resisting margin. It appears to the 
author that the air itself must be looked 
| on as an efficient upper resisting margin 
|in all open channels; and if air be resist- 
tant at all, then it is an ever-present cause 
of retardation of forward surface-flow. 
If it be so even in a small degree, the 
maximum velocity line must necessarily 
be everywhere depressed, and in a rect- 
angular channel this depression would 
inerease towards, and be greatest (but 
above mid-depth) at the banks, because 
the resistance of the wet border, namely, 
sides and tops, would increase towards 
the banks. These conclusions agree with 
the results shown in both Bazin’s ex- 
periments and in the Roorkee Hydraulic 
Experiments. 

XII. Discuarce past a VERTICAL.— 
From the five hundred and sixty five sets 
of velocity-measurements at each foot of 
depth, the five hundred and sixty-five 
superficial discharges past the forty-six 
verticals were computed down to the 
level of the lowest velocity-measurement, 
by the best approximation-formule avail- 
able, including the trapezoidal, Simson’s 





posed in the Mississippi and in Bazin’s | cubic, and Weddle’s, the velocity-ordinates 
experiments; they are shown to be de-| being obviously equi-distant ; a correction 
rived from parabolz formed by a process | was applied for the lowest spade just 
of trial and error, and to fail when ap-|above the bed. These are considered 


plied to new data. After many attempts 
to construct a new formula, the conclu- 


sion is drawn that the data are too uncer- | 


tain to admit of it. 

XII. Depression or Maximum Vetocrry. 
—A lengthened discussion is given as to 
the cause of the depression of the maxi- 
mum velocity-line—a point of great in- 
terest. It is shown that neither the 
actual nor the proportionate depression 
thereof depend much on the depth of 
water, surface-slope, velocity, or state of 
wind. This last result is opposed to 
that of the Mississippi report. 


| to be the best values obtainable from the 
| data. 

XIV. Mean VEvocrry past A VERTICAL.— 
| This quantity is of great practical im- 
portance as a step towards computing 
cubic discharge ; its rapid measurement 
was pointed out in the Mississippi report 
as the most useful object of present re- 
search. Great attention was accordingly 
given to this. The mean velocities past 
the forty-six verticals were computed as 
the quotient of the superficial discharges 
by the depths for each of the five hundred 
‘and sixty-five sets separately. These are 
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considered to be the best values obtain- 
able from the data ; and, seeing the 
number of data from which each is 
derived, namely, three measurements at 
each foot of depth, each result may be 
looked on as a fair average. These are 
accepted as the fundamental values for 
testing other proposed approximations. 
It is important then to show the error 


thereof due to the use of the double- 4 


float. The discussion leads to the follow- 
ing simple rule, very easy of appli- 
cation :— 

“The double-float mean velocity past 
a vertical exceeds or falls short of the 
true value, according as it is less or 
greater than the surface-velocity.” 

From comparing the above values and 
also approximations found by use of 
loaded rods, described below, arranged 
in daily groups, it was found that the 
mean velocity past a vertical is subject 
to some temporary variation, less than 
that of the individual velocities. 

For rapid approximation, admitting 
that the average vertical-curve is nearly 
a common parabola, the properties of the 
parabola should aid in finding the mean 


depth were equal to the mean; but this 
depth is found to depend upon the 
position of the maximum velocity line, 
and is therefore variable. From the flat- 
ness of the curve an approximation is, 
however, possible. It is shown that the 
velocity at §-depth, or at ;,-depth isa 
fair approximation according as_ the 
maximum velocity-line is above or below 
-depth ; the former case usually obtains, 
the latter only near a vertical bank. In 
the Mississippi report it is proposed to 
use the mid-depth velocity for this ap- 
| proximation. Much attention was there- 
‘fore given to this. It is easily shown 
that, the average curves being very flat 
and convex down-stream, the mid-depth 
velocity must, whatever be the curve, ex- 
ceed the mean velocity by a small 
quantity ; in the forty-six average curves 
‘of this work there is only one marked 
exception to this. In the Mississippi 
|Report, the ratio of the mean to the mid- 
depth velocity is said to be a “ sensibly 
constant quantity for practical purposes.” 
Were this true it would be an important 
‘result, but the experimental evidence now 
available shows that the ratio varies from 


velocity-ordinate by measurement at only | 1.082 to 0.918, or about 16 per cent., a 


a few depths, and therefore far more quantity not fairly negligible. 


rapidly than by the tedious processabove.| The first formulas above have the disad- 
It is at once seen that three, and perhaps | vantage of requiring measurements at 
fewer, ordinates will suffice. This is fully |two points by two operations. In the 
investigated, and several new formulas last and newest formula, however, only 
are given, involving only three velocities, | an arithmetic mean is needed. This per- 
and a more useful new set involving | mits of the two velocities being measured 


only two velocities. These last are— 
U=}(v. + 324) =4(3%14 +4v3,) 
=4 (4034+ 30 5y ), 


wherein U is the mean velocity sought, v 
the velocity at the depth shown by the 


subscript, and H the actual depth on the 


vertical. Another, since discovered by 
the author, by pursuing the same in- 
vestigation, is : 

U=4(0.211 n+ 0.799 H)- 


The investigation shows that these are | 
the simplest formule obtainable. The 


first is one of the best for practical use, 
inasmuch as the velocities are measured 
at the highest levels possible in such a 
formula, and are therefore the most easily 
measured. 

_Itis important to inquire whether a 
single velocity would suffice. This would 
be possible if the velocity at any definite 

Vout. XX VIII.—No. 4—23. 


| together by a suitable instrument, a great 
| practical advantage; this being a new 
‘and important result requires fuller ex- 
planation here. It has been shown b 
| the author that, if a double-float be made 
| up of two sub-floats of equal size, similar 
‘shape, and similar surface physically, 
, which move at different depths, say A u, 
| 4H, in strata whose velocities are 7, x, - 
|v, H, then the velocity, say «, of such an 
|instrument will be—on the usual theory 
of current-pressure and friction on im- 
mersed solids — simply the arithmetic 
mean of those velocities. Hence, if the 
sub-floats be sunk to depths of 0.211 a 
and 0.789 un, the velocity («) of the in- 
strument will by the last formula be 
actually the mean velocity (uv) required, 
which is thus obtained at one operation 
with a single instrument; this effects a 
great saving of time and labor. But an- 
other great advantage accrues ; the upper 
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sub-flat may be made very buoyant, and 
the Jower heavy, so as to throw consider- 
able tension on the connector between 
them, thus getting rid in great part of one 
of the worst faults, namely want of 
stability, of the ordinary double-float ; so 
that the results should be improved in 
accuracy. ‘The author would recommend 
that the sub-floats should be thin copper 
shells not less than 2 inches in diameter, 
connected by a fine silk thread; the 
surface-float a small slice of cork joined 
by silk thread to the upper sub-float. For 
shortness this might be called the “twin 
balls.” This instrument appears to the 
author the best yet proposed for depths 
exceeding those suitable for loaded rods. | 

All approximations by measurements | 
as above at only one or two selected | 
points require, of course, frequent rep- 
etition to bring out average values, as, 
in consequence of the unsteady motion, 
it is only these averages that can be 
expected to approximate to the re- 
quired mean velocity of the average 
curve. 

Lastly, an attempt was made to find an 
expression for this mean velocity in terms 





of the depth, surface-gradient, &c.; it! 
was found to depend much more on the! 
latter than on the depth, but the actual 


relation could not be traced. It was 
also found that the direct measurement 
of almost any velocity was far more 
likely to give an approximation to this 
mean velocity than any expression yet 
known not involving velocities. 

XV. Rovs.—The use of a loaded rod 
or float-pole has often been recommended 
for rapid approximation to the mean 
velocity past a vertical. It obviously 
gives some sort of mean of the velocities 
at all parts of its immersed length, but 
the degree of approximation has not been 
hitherto sufficiently investigated. This 
point was taken up pretty thoroughly at 
Roorkee. 

Out of the five hundred and sixty-five 
sets above-mentioned, thirty-six sets were 
specially done with a complete double 
equipment of both instruments, double- 
float and rod, of 1 foot, 2 feet, 3 feet, &c., 
to 7 feet depth of immersion. The two 
instruments were used together in pairs 
of like lengths, so as to secure the same 
state of water for both ; and every velocity 
was thrice measured as usual. The re- 
sults were grouped into six series, three 





for each instrument; lastly, the average 
rod-velocities of the several lengths were 
compared with the average mean velocities 
past the upper 1 foot, 2 feet, 3 feet. &., 
to 7 feet of each vertical, computed from 
the double-float work; there were in 
all eighteen pairs of comparable results. 

Again, along with five hundred and 
forty-three of the above-described sets of 
double-float observations, five hundred 
and forty-three rod-velocities were meas- 
ured each six times with rods of nearly 
full immersion. These rod-velocities are 
printed set by set along with the five 
hundred and forty-three mean velocities 
past each complete vertical computed 
from the double-float work. The great 
range of the conditions and data in that 
work, already described, gives high value 
to these results. 

The grand result was that, after mak- 
ing due allowance for the known inac- 
curacies of the double-float, the rod-ve- 
locity is most probably a closer approxi- 
mation to the mean velocity past its ver- 
tical than the value deduced from the 
double-float. Observe that this result is 
purely experimental. 

Rods of two patterns were used, name- 
ly, 1-inch cylindrical wood poles loaded 
with lead at the foot, and 1-inch tin 
tubes made of stout sheet tin, loaded at 
the foot with a short length of rod-iron, 
and closed at the ends. The latter was 
found to be by far the best. 

The following are the theoretical ad- 
vantages claimed for the rod, over the 
double-float, for measurement of mean 
velocity past a vertical: It is free from 
the uncertainty attending the instability 
and lift of the sub-float; and the result 
is a closer approximation than that given 
by the double-float. The practical ad- 
vantages are, that the result is obtained 
much more quickly; that the rod is more 
easily handled, and that it is simpler in 
construction, less delicate, and cheaper. 
These advantages are so great that it 
seems to the author that it should super- 
sede all other instruments for the pur- 
pose in conditions favorable to its use. 
The necessary favorable conditions are: 
A reach of nearly uniform cross-section 
and average bed-slope for a great length; 
that the bed and banks should be pretty 
even lengthways near the site ; and that 
the depth should not exceed 15 feet. It 
would often be worth while to prepare & 
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site, by dressing the bed to the average 
bed-slope, and the banks toa uniform 
side-slope for at least 250 feet length; 
and the banks would be better if revetted 
with masonry. 

XVI. Rop-Mortion.—The experiments 
did not show directly whether the rod- 
velocity was greater or less than the 
mean velocity past the vertical. This 
was supplied by a mathematical investi- 
gation of the motion, but so complex 
and so long that it can merely be indi- 


fourteen transversals. The transversals 
were the surface, mid-depth, bed, and a 
quasi-mean, the last being so-called be- 
cause mean velocities past many verticals 
scattered across the channel were meas- 
ured. The instruments used were sur- 
face-floats for the surface, double-floats 
for the mid-depth and bed, and rods for 
the mean transversal respectively. The 
whole have been grouped into one hun- 
dred and fourteen series on as many 





transversals at thirteen sites. 





Observations. 


Conditions. 





Central 


Series. depths. 


Transversal. 


Mean 
velocity. 


Surface | 


breadths, | Discharge. 


per million. | 





Ft. Ft. 
10.3-7.5 
10.1-9.1 
10.0-8.7 
11.2-0 7 


109 
17 
7 
581 


Surface 
Mid-depth. . 


10 
2 
2 

00 


1 1 














Ft. Ft. 
169-82 
84-82 
84-82 
193-13 


233-178 
210 


480-24 





7, 364-25 





cated here. It is based on the assump- 
tion that the resultant forward force on 
any part of the rod varies as the square 
of the relative forward velocity of that 
part and the fluid adjacent, that the re- 
sultant force on the whole rod is zero 
when in relative eqilibrium ; and that the 
figure of the vertical velocity-curve is a 
parabola. Upon this it has been found 
possible* to solve the equations of mo- 


tion, with the practical result that the | 
rod-velocity is always somewhat less than | 


the mean velocity past its own immersed 
length, and that, finally, to measure mean 
velocity past a vertical of depth H, the 
rod should be immersed only about 0.94 
H. As practical necessity also obviously 
involves the use of a rod immersed de- 
cidedly less than the full depth, this re- 
sult is of great importance, as it removes 
one of the chief objections hitherto 


urged to the use of rods, namely, that in | 


consequence of not reaching into the 
slack water near the bed, they move 
quicker than the mean velocity. 

XVII. Transverse Vetocrry-Corves.— 
There. were in all seven hundred and 
fourteen complete sets of velocity-meas- 
urements at from eleven to twenty-one 
selected points on seven hundred and 





* Now done for the first time. 


The rod-velocity work was considered 
by far the most important, as from it the 
cubic discharge, the final object of the 
whole work, was to be computed ; and it 
will be seen that five hundred and eighty- 
one sets of observations were of this 
sort. The range of the external condi- 
tions, and, therefore, also of the results, 
was very great. The whole is believed 
to be the most important collection yet 
published. ‘lhe mode of combination 
into series has already been explained. 
Owing to canal exigencies low water oc- 
curred so seldom, and lasted so short a 
time, that it was impossible to repeat 
such work often in the same state of 
water; thus in the rod-work there are 
twenty-nine series containing less than 
five sets each, besides twenty-two of only 
a single set ; so that the low-water work 
at each site is of less weight than the 
rest. The mean results of series are 
| alone used in discussion in general. 
| The spacing of the float-courses was 
|fixed so as best to exhibit the figure of 
the transverse curves; and so to be con- 
‘venient for discharge-computation. To 
‘meet the former the float-courses were 
‘spaced widest where the curve was 
| known to be flattest, viz. throughout the 
‘central portion, and closest where the 
‘curvature was known to be sharpest, viz. 
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near the banks; to meet the latter the 
spacing was made equidistant through- 


it a delicate matter; hence the veloci- 
ties near the banks, where alone there 


out the central, intermediate, and side | is any marked curvature, are the most 


spaces. 

From these series one hundred and 
fourteen curves have been drawn and 
published ; these are the transverse ve- 
locity-curves. The following are their 
more salient properties : 

“The curves are generally convex 
down-stream over a level or concave bed, 
are nearly symmetric in a symmetric 
cross-section, and are all very flat.” 

“The velocity is generally greatest 
near the center (or deepest channel), 
decreases very slowly at first towards 
both banks, more rapidly with approach 
to the banks or with shallowing of 
the depth, and very rapidly close to the 
banks.” 

“The figure of the curve is determ- 
ined by the figure of the bed, increased 
depth producing increased velocity, and 
vice versa, so that a convexity in the bed 
produces a concavity in the curve, and 
vice versa ; also these effects are more 
marked in shallow than in deep water.” 

The decrease of forward velocity is so 
rapid close to the banks, as to muke it 
clear that the forward velocity at the 
edges must be very small, possibly zero. 
It does not admit of direct measure- 
ment. The employment of floats close 
to the edge is, of course, impossible 
when the edge is irregular; but even 
with artificial straight banks their use is 
very difficult in consequence of a prevail- 
ing transverse surface-current from the 
edges, which is so marked that ina float- 
course only 74 inches from a straight ver- 
tical bank, occasionally one hundred sur- 


important for this purpose; in fact, 
omitting these, almost any geometric 
jeurve might be made to fit. This is 
|well shown in the trials of the late 
|Mr. Darcey and Canon Moseley, who 
| proposed a semicubical parabola and an 
| exponential curve respectively, from cer- 
tain theoretical investigations; and, 
though using the same experimental 
data, Darcy’s Results in Pipes, for their 
verification, were each satisfied with their 
own results: Darcy’s curve, however, is 
convex, whilst Moseley’s is concave 
down-stream ; but the experimental test 
is very poor, as Darcy's velocity-meas- 
urements were solely in the middle 
two-thirds of the stream, thus omitting 
| the critical portions near the edges. 
| One interesting general result is de- 
| duced in the discussion, that “ Curves of 
‘like kind with same water-level at same 
| site, but with different general velocities, 
‘are nearly parallel projections of one 
;another.” This is deduced from a con- 
| sideration of five pairs of curves of the 
same kind, the two curves of each pair 
being obtained at nearly the same water- 
level at each site, and each containing 
fifteen or sixteen measured ordinates for 
comparison ; the cases, five in number, 
are few for so broad a generalization, 
but they are each good in that the gen- 
eral velocities in the two curves of each 
pair are very different, their ratios being 
as 3.4, 4.7, 1.7, 2.3, 1.9 to 1 respectively. 
Two other important conclusions are 
drawn. No single curve will suffice, as 
| the flatness of the curve varies with the 








face-floats were run before three were ob- | water-level in such a way as to show that the 
tained in fair course over a 12}-feet run. | exponents of the abscisse should proba- 
This transverse surface-flow is supposed | bly vary with the water-level. And no 
by some to be caused by the reduction of single species of curve will suffice, inas- 
pressure at the center consequent on the| much as it seems that the figure of the 
higher central velocity. To keep up the curve is, for given states of water, de- 
water-level at the edge, this surface-flow termined by the figure of the bed. It 


from the edge clearly invclves a sub-sur- 
face-flow towards the edges; the experi- 
ments showed this indirectly, in that the 
deeply-immersed double-floats and rods 
moved without any general bias. 

XVIII. Transverse Curve Ficure.— 
The geometric figure of these curves is a 
matter of high scientific interest. The un- 
suitability of the data (justasin Section 
XI.), and their extreme flatness makes 


‘follows that it is almost hopeless to seek 
| the figure of the curve from mere experi- 
| ment, without some help from a rational 


| theory. 
| XIX. Argas anp Discuaraes.—From 
|the average soundings, and from the 


above-mentioned sets of velocities past a 
transversal, the whole of the cross-sec- 
tional areas required and the correspond- 
ing discharges, thus including five hun- 
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dred and eighty-one cubic discharges, 
were computed by the most accurate 
formulas available (viz. the trapezoidal, 
.Simson’s cubic, and Weddle’s) for a 
curved area or volume divided by equidis- 
tant ordinates or planes. For the cubic 
discharge, the most important of all, 
which is represented by the volume of 
the velocity-surface, the preliminary step 
was to multiply every rod-velocity («) by | 
the average depth (H) in its float-course, | 
the products (Hu) being the superficial 
discharges past each vertical, 7. ¢. the 
areas of the equidistant plane sections of 
the velocity surface; these areas being 
known, the above formulas were at once, 
applicable. It might be supposed that 
the use of these formule is very trouble- 
some; they are, on the contrary, very 
simple, and their use was readily acquired | 
by the ordinary overseers of the Indian 
P. W.D._ It is shown in the text that on 
account of the usual convexity of the 
curves with concavity of the bed, all 
simpler formulz err in defect in the long 
run, and in the case of the cubic dis- 
charge the error is not necessarily very | 
small. A curious source of errors occurs | 


tion to average results is obtained by in- 
crease of these numbers. At Roorkee 
the details were: 1. Sounding along 
about sixteen float-courses in eight cross- 
sections ; time, three to four hours. 2. 
Rod-velocity measurements in fifteen to 
twenty-one float-courses, each thrice re- 
peated; time, two to four hours. 3. 
Computation, about two hours. The 
chief advantages of this process are that 
it is direct and purely experimental, and 


‘therefore independent of any as yet un- 
‘certain theory; that the data are taken 


from many parts ofa site, so that the 
result is certainly some sort of average ; 
and that the whole velocity work is done 
within a short time, 7. e. in as nearly a 
constant state of water as is practicable. 
This last point is of extreme importance. 

From the mode of computation it is 
evident that breadth, depth, and velocity 
all enter as factors into the result. In 
wide streams the breadth varies but little, 
so that the cubic discharge varies chiefly 
with the other two factors. The experi- 
ments show clearly that the discharge in- 
creases and decreases with the rise and 
fall of the water level, but depends in a 


in that in these formulas different ordi- far greater degree on the velocities. This 
nates carry different coefficients, and shows that a discharge table for a given 
have therefore different weights in the | state of water must be a table of at least 
result; thus in Simson’s formula, the | double entry, showing the discharge as 
middle rap gay a multiplied by . | — on both gauge — and 
an error in it is four times as important | velocity, or some equivalent data, e. g. 
as a similar error in the end- pe. ; to | gauge ti Hoe and wanna, or a 
avoid this it would seem necessary to/ readings throughout the reach; this re- 
have all the ordinates of equal weight, by | sult, which seems felf-evident, is of great 
making the — = om yge of rae agg age se — — = _ 
measurement proportional to its weight use on the Ganges Canal have hitherto 
in the formula; this would be so trouble- | indicated a definite discharge for a given 
some that it would only be done to se-| depth, but the power of control on this 
eure a high degree of accuracy. The}canal is so great that the gauge alone is 
present results are considered to be the no indication of the discharge; witness 
most accurate obtainable from the data. | the following results: 
The surface, mid-depth, and bed-dis- : : 
; Bae = ae i | Solani R. aqueduct. Solini embankment. 
a —s - me — will not be | Gauge reading.4.6 4.0 3.6 3.6 3.63.6 2.9 
duaste oo octets TA it secue well to weenie 
recapitulate the process of measurement! On comparing the new results with the 
used. This contains three distinct steps: official canal tables, the new results were 
1. Obtaining the average depths by | found to be unexpectedly higher than the 
sounding along a number of float courses | official at all the higher depths. This 
2. Rod-velocity measurements in each | was at first supposed to be due to an in- 
float-course. 3. Computation. The time | herent defect in the use of rods which 
required depends on the number of float-| had hitherto been believed to register 
—— = on the on 4 A gx ig —_ a - ae 4 
ons of the measurement of each depth |not reaching into the slack water jus 
and of each velocity. Closer approxima- | over the bed; but if this were so, the ex. 
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cess in question would be relatively | ties, however, indicate marked and seem- 
largest at low water, because a small lift | ingly capricious variations in apparently 
of the foot of the rod above the bed is of the same state of water; no doubt due 
greater relative importance in shallow |to their being simply an average from a 
than in deep water, whereas at low water | number of incessantly varying data. The 
the new results were found to be less than | cubic discharge and area both vary with 
the official. The supposed defect of the change of water level, but the effect of 
rod has, however, been shown above not this disappears in part from their 
to exist. . The mode of preparation of the quotient, so that the mean velocity must 
official tables was examined, and is be less variable than the discharge. 
demonstrated to be such as to lead| The mean velocity V is a quantity of 
naturally to under estimation at high|such great practical use for immediate 
water, and to over estimation at low computation of the all important cubic 
water. discharge, as the product D = A V, that 
One chief aim was to compare the ex- immense labor has been given at various 
perimental discharge measurements with | times in the endeavor to find some rapid 
those given by various discharge formu- | approximations to it. Thesehave taken 
las; most of these formulas give the two principal forms, one involving only 
mean velocity ; the comparison of mean | velocity data, and the other only surface- 
velocities is in these cases most conven- slope and crogs-section data. The most 
ient, and will be discussed later. A important modern trials of the latter, by 
somewhat complex discharge formula was | Mr. Bazin and Kutter, are based on the 
proposed by the late Canon Moseley,* and | 914 Chézy formula, involving RS. 
was shown by him to agree pretty well) Qn this work data were collected on an 
with Bazin’s small scale experiments; it extensive scale for trial approximations 
is interesting as having been deduced | In fact, all the experi- 


from a rational, but probably incorrect, | 
theory of fluid motion. On comparison 
with the present large scale results, it 
was found to give results of only from } 


to ;4; of the observed, so that it is clearly | 


useless. f 

XX. Mean Vetociry.—From the dis- 
charge measurements above mentioned, 
the corresponding mean velocities were 


computed separately fur each set by di- 


thus giving five hundred and eighty-one 
mean sectional velocities. These are con- 
sidered to be the best values obtainable 
from the data, and seeing the number of 
data from which each is derived, namely 
three measurements at from eleven to 


twenty-one points on each transversal, 


may be looked on as fair averages. The 
mean surface, mid-depth, and bed-veloci- 
ties, being of little interest, will not be 
further alluded to here; the very im- 
portant mean sectional velocity is, for 
shortness, called “mean velocity ” below. 

It seems clear that the cubic discharge 
is constant from instant to instant, so 
that the mean velocity must be so like- 
wise, 7. ¢. both are technically steady. 
The measurements of both these quanti- 


*“On the Steady Flow of a Liquid,” Philosophical 





Magazine. 
+ The author has not seen this formula challenged | 


ore. 


in three ways. 
/ments were directed to this. Measure- 
,ments were made of three quantities, 
| Wiz. : 

Central * mean velocity U,, central sur- 
face velocity vo, surface slope §, 


| 


the approximations being intended to be 
made by using certain “reduction-coefii- 
cients ” (a, 6, C,) thus: 


viding each cubic discharge by the area, | V=eU.; V= fre; V=Cu, 


'where for shortness t w=1001/RS. The 
experimental values of the coefficients are 
‘computed by inversion of these formulas. 
The experimental values of the coeffii- 
‘cients are computed by inversion of these 
| formulas. 

The use of the central mean velocity U. 
‘in this way was an after-thought ; it had 
been measured as a part of the regular 
work of each of the five hundred and 
eighty-one above-mentioned sets of rod 
work, thus giving five hundred and eighty- 
one values of both U, V. Those of U. 
are poor averages, having been only 
thrice repeated ; the reduction coefficient 
a= V+ U, has therefore been taken 
‘out only for the one hundred mean 
| values of U,, V in the one hundred series 


*A short term denoting ‘mean velocity past the 
central vertical.” 
| This important quantity w is conveniently treated 
' of as a quasi-velocity. 
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into which the rod work was grouped 
(v supra). The central surface velocity 
Uo, and surface-slope S, were measured 
along with many of the five hundred and 
eighty-one sets of rod-work just men- 
timed. They are both so much affected 
by wind that they were taken, as a rule, 
only when wind and weather were favor- 
able ; thus only three hundred and thir- 
teen values of v, , and three hundred and 
sixty-three of S, were obtained. These 
were grouped, along with the correspond- 
ing values of V, into special series, namely, 
seventy-six of v,, V, and eighty-three of 
S,w, V; the reduction coefficients (= 
V+v,, C=V~+w, were taken out for each 
set separately, as well as for the means of 
series. The central surface velocity was 
always measured forty-eight times, so is 
a good average; the surface slope was 
measured once only with each set on one 
bank in two hundred and twelve sets, 
and on both banks in one hundred and 
fifty-one sets. The range of conditions 
and results was very great, nearly the 
same as that of the rod work, q.v. 





The | 


effect). The ratio C increases with in- 
crease of R, and depends also greatly on 
S, and also on the nature of channel.” 
After discussing various known form- 
ulas for mean velocity, the only ones that 
appeared worth extended trial were 
Bazin’s formulas for the coefficients /, C, 
and Kutter’s* for the coefficient C. Ac- 
cordingly the values of these coefficients, 
from the published Tables, have been 


| printed alongside the experimental mean 


serial values, seventy-six of / and eighty- 

three of C. As to Bazin’s two coefficients 

(A, C), the discussion shows that neither 

is reliable, and that the use of the former 

with surface velocity leads to under esti- 
mation of mean velocity, and that the 

latter is defective in not containing S. 

As to Kutter’s coefficient C, the discrep- 

ancies between eighty-three experimental 

and computed values were : 

Thirteea over 10 per cent., five over 714 per 
cent., fifteen over 5 per cent., seventeen 
over 3 per cent., thirty-three under 3 per 
cent. 


Now in all the discrepancies over 10 


whole form, it is believed, one of the | per cent., it was found that the state of 
most important collections of such data | water was unfavorable for the slope meas- 
yet published. The “weights” of V, U,, lurement. Taking thisinto account, along 


UV, , w, will be seen to be very different, | with the varied evidencein Kutter’s work, 
and the series containing them do not it seems fair to accept Kutter’s coefficient 
correspond; this could not be helped.|as of pretty general applicability; also 
As a general rule, only the serial means | that when the surface slope measurement 
of the four velocities (V, U,, vo, w), and | is good, it will give results seldom exceed- 
of the three coefficients (2, 6, C) have ing 74 per cent. error, provided that the 
been used in discussion. From these | rugosity coefficient of the formula be 
data diagrams have been pubilshed to | known for the site. For practical appli- 
show the relations of these quantities to | cation extreme care would be necessary 
each other, and to various hydraulic ele-| about the slope measurement, and the 
ments. From the tables and diagrams it | rugosity coefficient could only be de- 
is evident that: | termined, according to present knowledge, 

The four velocities, V, U,, vo, 2, in-|by special preliminary experiments at 


crease and decrease, as a rule, together, 
and also increase and decrease in general 
jointly with the increase and decrease of 
hydraulic mean depth and surface slope. 

“The connection between V, U,, wv, 
seems much closer than between V, 2.” 

“Up or down stream wind markedly 
decreases or increases surface velocity ; 
its effect on mean velocity seems quite 
trifling.” 


Next, as to the coefficients a, 6, C, it | 
jin the data (V,5) he deduces, by the 


appears that— 





each site. 

The formula derived from the Missis- 
sippi experiments was also tried in uine- 
teen test cases; the agreement with ex- 
periment was extremely poor. This has 
already been shown in Kutter’s work. 

The experimental results (V, S) of this 
work have been recently applied by Dr. 
Hagen to test his proposed new general 
formula V=C R™ 8S"; from a selection of 
forty-three of the series most complete 


“The ratio C increases with decrease | method of least squares, V=65 R#S*; 


of R, but depends largely on some other 
unknown elements. The variation of ff 
is irregular (probably partly from wind 


|but the “probable errors” computed 





+ The New Formula for Mean Velocity of Dis” 
' charge of Rivers and Canals.” F 


By W. R. Kutter. 





336 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





therewith appear enormous. Moreover, 
he had in the same way deduced from 
the Mississippi experiments the different 
expression V=6 R? S?. From this he 
concludes that probably the surface-slope 
measurements are too inaccurate for use 
in such a formula. 

The general result of trial of these 
formulas, which are all empirical, shows 
that at present increased approximation 
can only be obtained by increased com- 
plexity ; there is no guide as to the form 
of such improved approximations, whilst 
the labor of tentative research is excessive. 
Until some guide is obtained from a 
rational theory, it seems to the author 
hopeless to attempt further improvement. 

In the absence of any true formula, 
that coefficient which is the least variable 
would probably be the best for practical 
use, as likely to lead to least error. Now 
the range of the experimental values of 
C = V + w is far larger than that of 
either a or f. This result is of great im- 
portance, in showing that the connection 
between mean velocity and other velocities 
is far closer and more intimate than be- 
tween velocity and surface-float. The 
connection is unknown in any case; but 


the latter is a physical one, requiring the 
determination of velocity from physical 
conditions, whereas the former is possibly 
only a geometrical one, depending on the 


figure of the velocity surface. Moreover, 
the surface-slope is extremely difficult of 
proper measurement, and its use involves 
a working from the minute to the large. 
lt seems, then, that at present the direct 
measurement of velocity, such as the 
central mean or central surface, is more 
likely to give a near value of the mean 
velocity than any formula involving sur- 
face-slope, and of the two velocities the 
central mean is to be preferred, as being 
little affected by wind; but there is as 
yet no good formula for reducing these 
velocities to the mean, so that the “re- 
duction-coefficients” required must at 
present be determined by special trial for 
each site. 

XXI. Discuarex-Vertrication.—It is 
very important to have the means of test- 
ing the accuracy of any process of dis- 
charge-measurement. On the large scale 
any absolute test is impracticable. The 
only test that seems practicable is that 
the results should beconsistent with each 
‘other. Many of the Roorkee results 


admit of such a test being applied in 
several ways. 

Test 1.—It is clear that discharge 
measurements, and therefore also the de- 
duced mean velocities, made at the same 
site under nearly similar states of water 
should be nearly equal. The different 


‘sets of rod-velocity work from which they 





are computed were seldom done at 
exactly the same water-level. The dif- 
ference of water-level affects the computed 
discharges directly, but scarcely affects 
the deduced mean velocities (Sec. XX.), 
so that the latter are the more fairly 
comparable. 

Test la.—A series being a group of 
data, &c., in nearly the same state of 
water, the mean velocity results within 
each series can thus be compared together. 
Rejecting, out of the total of one hundred 
series of rod-work, the twenty-two series 
containing only one set each, there remain 
seventy-eight series containing five hun- 
dred and fifty-nine sets in all, which yield 
two thousand seven hundred and fourteen 
pairs of comparable results. There were 
only eighty-eight cases of discrepancy 
over 10 per cent. in this large number. 
On examining the details of these, it was 
found that the external conditions were 
in a large number not nearly so closely 
similar as was expected from their col- 
location within same series, or as is desir- 
able in such a test. 

Txst 16.—Out of the whole number of 
five hundred and eighty-one sets, two 
hundred and fifty-six sets had been done 
in one hundred and six days, viz. in one 
hundred and six groups of 2, 3, 4, 5, or 
6 within the same day, usually in im- 
mediate succession. at the same site. 
These yield one hundred and ninety pairs 
of comparable mean velocities, which 
seem favorable for this test, as the prob- 
ability of constant state of water 
throughout one day is considerable. The 
discrepancies were really very small, being 
over 10 per cent. in seven groups; over 
5 per cent. in two groups; over 3 per 
cent. in seventeen groups; under 3 per 
cent. in eighty groups ; and in every one 
of the cases over 5 per cent. the cause 
was traced to the canal: being out of 
train. 

Txst 1c.—On one occasion two complete 
sets of rod velocity work were done by 
timing the whole of the rods through 
both a 50-feet and a 100-feet run. The 
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discrepancy of the mean velocities de- lof these tests was well worth the ex- 
duced was only ,3, per cent. ; this extreme | pense. 
closeness is probably accidental. | The conclusion seems fair that “the 

Test 2.—It is clear that discharge-| process of discharge-measurement de- 
measurements at successive sites, between scribed yields, under favorable circum- 
which there is neither influx nor outflow, stances, results which will probably sel- 
in the samestream should be nearly equal, dom differ 5 per cent.” For such close 
if conducted under nearly similar general | approximation it seems essential that— 
external conditions in the portion of the|/1. The sites should be favorable. 2. 
stream between the sites. ‘his test can | Fieldwork should be done only when the 
be applied to seventy-five cases, by com-/| water is “in train.” 

ring the discharge at an upper sitewith XXIII. Currenr-Merers.—Three cur- 
that ata single lower site in ten cases,|rent meters, one of Moore’s, one of 
and with the sum of discharges at two | Révy’s, and one of Elliot's patterns, were 
lower sites (in two branches of the stream) | tried for some time, but the experimental 
in sixty-five cases. The sites being of difficulties were not got over. A pretty 
very different natures, widths, and depths, | full discussion is given of the disadvant- 
the test is a searching one. |ages of current-meters in general and of 

Test 2a.—In the first six trials the the means of their improvement. A 
field worke at the upper and lower sites | special lift was contrived for gripping the 
was done on different days, and, there-| meter firmly parallel to the current-axis, 
fore under somewhat different external |so as to register only forward velocity, 
conditions. A small correction was ap- and having a continuous rigid gearing 
plied to reduce the work at each site to wire. This got rid of at least four bad 
acommon level at the standard gauge; faults, viz. the uncertainties of orienta- 
the highest discrepancy remaining was | tion and of position of the meter, and of 
7 per cent., and the rest were under 5| gearing and ungearing it, and the non- 
per cent. |measurement of forward velocity which 


Test 2b.—In thirty-five more trials the | occur otherwise in the ordinary use. A 


field work was done at the same time at | great improvement might be made soas to 
the upper 2nd lower sites by three com-| reduce the mass placed in the water, viz. 
plete field-parties; the discrepancies by separating the recording works from 
were, six over 5 per cent. (8.3 the high-' the screw and placing them above water 
est); six over 3 per cent.; twenty-three under the observer's eye, with electric 
under 3 per cent. connections to cause them to follow the 
Test 2c.—In thirty-four more trials motions of the screw. But at best, there 
the field work at the two lower sites was are serious difficulties in their use, some 
done later than at the upper site, time of which seem insurmountable. 
being roughly allowed for the water to| XXIV. Smr.—An important course of 
pass from the upper to the lower sites; experiments was made on the distribu- 
these may be said, in a rough way, to|tion of and amount of silt in the chan- 
have been carried out in the same body nel. A specimen of the water was col- 
of water; the discrepancies were, two' lected ina brass tube 12 feet long by 
over 5 per cent. (5.5 the highest); three 2 inches internal diameter, open at both 
over 3 per cent.; twenty-nine of 3 per;ends. This was thrust vertically from a 
cent. and under. boat floating freely down stream, until it 
In very many of the cases of the touched the bed, whereon the lower end 
higher discrepancies in each test certain | was closed by a movable lid worked by a 
disturbing causes were found to exist, strong spring; by this means a column 
e.g. a rising or falling state of water, of water stretching from the surface to 
high wind, &c.; some of the sites were the bed of the channel was collected. 
also unfavorable. The evidence of all The silt was separated from the water by 
the tests together as to the consistency | decantation and filtration, and was tinally 
of theresultsis very great both inamount | weighed on a well-dried filter in a chemi- 
and in range of data. The application cal balance. From this the weight of 
of Test 2 was, of course, expensive, as it silt in grains per cubic foot of water was 
involved the use of three complete field- | computed. This result is called silt- 
parties for six months; the importance |density; it is obviously an average of 
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the vertical of collection. Two styles of | fully measuring this depth, the pan was 
experiment were made, one on the dis-|set afloat at mid-channel, moored in a 
tribution of silt across the channel, the! place where it was not likely to be dis- 
other on the relation of the silt-density | turbed; when so floating, the water-level 





to the velocity and depth. 
Si/t-distribution.—'Two sets of silt 
collections were made at nine points, dis- 
tributed across two of the large sites, 
each set being done as quickly as possi- 
ble. Each resulting silt-density multi- 


plied by the mean velocity past the verti- | 


cal of collection is obviously the mean 
silt-velocity past the vertical. Next, the 
three quantities, namely, the silt-density 
in, the mean silt-velocity past, and the 
mean velocity past each vertical, were 


‘inside the pan was nearly flush with the 
\surface of the stream. After about a 
' week, it was taken out and the depth of 
water remaining was carefully measured. 
|The loss, if any, was considered to be 
‘the evaporation, diminished by dew. 

Out of the twenty five months mention- 
i measurements during two were lost 
|by an accident to the pan, and eight 
/months of “rainy season” were also un- 
| available ; in the remaining fifteen months 
about half the trials were vitiated through 


plotted as ordinates on a common base | stress of weather ; ¢. g. every trial affected 
line, thus giving three transverse curves. by rain had to be rejected until the 
These curves were so little alike and so| erection of a rain-guage at the site en- 
irregular, that it seems evident there is abled an allowance to be made for rain. 
no close connection between the silt and | Thus, finally only forty results were ob- 
the velocity at different parts of a chan-| tained. Along with twenty-eight of these 


nel, also that probably the silt-density 
at any point varies from instant to in- 
stant, 7. ¢. is, technically, unsteady. 
Silt-relations. — Again, seventy-three 
collections were made on the central 
vertical at four of the large sites in very 
varied conditions of depth and velocity 
at two of them. From these it appears 
that the silt-density in no way depends 
on the depth or velocity, at any rate in 
the Ganges canal. In fact it seems cer- 
tain that the silt in this canal depends 
chiefly on the state of the supply-water 
from the Ganges, which varies from clear- 
ness to great turbidity, and on the oc- 
casional admission of local drainage which 


|results, the mean temperature, mean 
| humidity, and mean wind at the Roorkee 
|Observatory are recorded ; also, in a 
few cases, the temperature of the canal 
water. 

The most remarkable feature of the 
results is their extreme smallness, amount- 
| ing to only about jj; inch per day on the 
average near Roorkee; whereas } inch 
per day is said to be a common rate in 
India for evaporation on land. This led 
at first to the suspicion of introduction 
of water ab extra; but after considering 
the possible sources of this, namely, 
leakage, spray, rain, dew, wilful tamper- 
ing, it still seems that the results 





is often very turbid; so that the canal is | may be accepted as substantially correct. 
unsuited for experiments on the relation |The real cause of the small evaporation 
of silt to velocity, &c. This is a disap-| appears to be the unusual coldness of the 
pointing conclusion, as the labor of the! canal water e.g. on May 22, 1877, at 2.30 
silt-collection and reduction was very | P.M., the temperature of the air was 165° 


eat. ‘in the sun, and 105° in the shade, whilst 


XXV. Evaporation.—An attempt was that of the water was only 66° inside the 
made to measure the evaporation from | pan and 65° in the canal; also the highest 
the canal surface, lasting twenty-five recorded temperature of the canal water 
months from 1876-79. The evapometer was only 654°. The canal, in fact, takes 
was a zinc pan 12 inches square and 9 its supply from the Ganges, a snow-fed 
inches deep, above which the four sides river, at its exit from the hills. 


splayed outwards so as to form a “free-| It was, indeed, found that the canal- 
board” 10 inches high and exposing an evaporation increases with distance from 
opening of 30 inches square at top tothe the head, i.e. from the Ganges. Thus 
sun and air; this rested in a wooden) out of the forty results, twenty-eight 
frame buoyed by zinc air-chambers so as | were taken near Roorkee, and twelve near 
to float in water. The experiment was|Kamhera, at distances of 18 and 52} 
started by pouring canal water into it to; miles from the head-works ; the evap- 
a depth of about 6 inches; after care-. oration at the latter was much the larger, 
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| 
comparing, of course, similar seasons, | amounts to about 47 cubic feet per second, 
being about 0.15 inch against 0.10 inch | which is about ;4, part of the full supply 
onan average. This is no doubt due to of the canal, or in other words ten 
the gradual heating of the water under minutes’ full supply daily. 
the hot sun with increased distance from, Little connection could be traced 
the head. between the evaporation and the mete- 
Taking the Roorkee estimate of ;/; inch | orological elements; the temperature of 
r day, the total evaporation from the | the water, which depends chiefly on the 
whole surface of the canal and its|amount of snow-water in the Ganges, 
branches, about 487 million square feet, | being probably the governing element. 


UNDERGROUND TEMPERATURE. 
From “ Nature.” 
I. 


Tue Underground Temperature Com-| Both instruments are used in a vertical 
mittee of the British Association have | position, and they register truly in spite 
presented a summary (drawn up by Prof. | of jolts in hauling up. 

Everett) of the results contained in all| References to Becquerel’s thermo-elec- 
their reports (fifteen in number) up to | tric method of observing underground 
the present date, of which the following | temperature were made in three of the 
is an abridgment: |reports, and some laboratory experiments 

The results are classified under the| were subsequently carried out by the 
heads: A. Instruments. B. Methods | secretary, which led to the conclusion 
of observation. C. Questions affecting | that the method could not be relied on to 
correctness of observations. D. Ques- yield sufficiently accurate results. It 
tions affecting deductions from observa-|may be mentioned that Becquerel’s ob- 
tions. E. Comparison of resujts. FF. | servations are only carried to the depth 
Mean rate of increase of temperature of 100 feet, whereas we require obser- 
— depth, and mean upward flow of| vations et the depth of 1000 or 2000 

eat. | feet. 

A. Instruments.—Under this head we; 2. Under the head of subsidiary (that 
have: 1. Instruments for observing | is non-thermometric) apparatus, plugs for 
temperature. 2. Subsidiary appara-| preventing convection-current in a bore 
tus. ‘or well are referred to. Prof. Lebour’s 

1. The thermometers which the Com-| umbrella-like plug, in its final form, ap- 
mittee have employed have been of two pears to be very convenient, as it requires 
kinds—slow-action thermometers and|only one wire. It remains collapsed so 
maximum thermometers. The present|long as the wire is taut, but opens out 
pattern of slow-action thermometers con-|and plugs the hole when it becomes 
sists of a thermometer having its bulb | slack. 
surrounded by stearine or tallow, the, B. Mersops or Osservation.—These 
whole instrument being hermetically have chiefly been of two kinds: 1. Ob- 
sealed within a glass jacket, and had its | servations in holes bored to the depth of 
origin in a conference between the secre-| a few feet in newly-opened rock, either 
tary and Dr. Stapff in the St. Gothard|in the workings of a mine or a tun- 
Tunnel. nel, or in a shaft during the sinking. 

Our present patterns of maximum |The rock should not have been exposed 
thermometer are two—the Phillips and | for more than a week when the hole is 
the Inverted Negretti—both being her-| bored, and a day may be allowed to 
metically sealed in strong glass jackets to elapse for the heat generated by boring 
prevent the bulbs from receiving press-| to escape before the thermometer is in- 


ure when lowered to a great depth in serted. Very complete plugging is 
water. ‘necessary to exclude the influence of the 
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external air. It is desirable to use about 
two feet of plugging, of which the outer 
part should be made air-tight with plastic 
clay or greased rag. After the lapse of 
a few days, the thermometer is to be 
drawn out by means of a string attached 
to the handle of its copper case, and the 
reading taken. The slow-action ther- 
mometer above described is employed 
for this purpose, and there is time to read 
it with sufficient deliberation before any | 
apprecible change occurs in its indica-| 
tion. It is recommended that the ther- 
mometer be then reinserted and plugged 
as before, and a second reading taken 
after the lapse of a week. The majority 
of our successful observations have been 
made by this method. 

2. Observations in deep bores of small 
diameter. The first report contained a} 
successful application of this method to a 
bore about 350 feet deep, near Glasgow, 
which gave very regular results in a series 
of observations at every sixtieth foot of 
depth; but in the majority of instances 
in which it has since been applied, there 
have been marked irregularities, due 
apparently to the influx of water from 
springs at particular points. One of the 
most valuable of our results was obtained 
by the application of the method to a 
bore 863 feet deep, executed at the bot- 
tom of a coal mine 1066 feet deep, giv- 
ing a total depth of 1929 feet. The bore 
in this case was dry at the time of its 
execution, though full of water at the 
time of the observation. It was in South 
Hetton Colliery, Durham. The instru- 
ment generally employed in the observa- 
tions of this class was a maximum ther- 
mometer of either the Phillips or the In- 
verted Negretti construction. 

The larger the diameter of the bore, 
the more uncertain does this mode of ob- 
servation become. The South Hetton 
bore had a diameter of 24 inches. The 
Kentish Town well, 1000 feet deep, in 
which Mr. Symons’ observations were 
made, had a diameter of 8 inches, and the 
well 660 meters deep at La Chapelle, in 
the north of Paris, had a diameter of 44 
feet (V., VI., VII.). The temperatures in 
this last were proved to be largely affect- 
ed by convection, the water at the top 
being too warm, and that at the bottom 
not warm enough. The observation of 
Herr Dunker, in the bore at Sperenberg, 
near Berlin, with a depth of 3390 feet 








and a diameter of 12 inches, proved a 
similar disturbance, amounting at the 
top and bottom, to several degrees. As 
regards the bottom, the proof consisted 
in showing that when a thermometer at 
the bottom was protected by a tight plug 
from the influence of the water above, its 
indications were higher by 3° R. (=63° 
F.) than when this precaution was not 
employed. 

C. Questions AFFECTING THE CoRRECT- 
NESS OF THE OBSERVATIONS MADE might 
theoretically include questions as to the 
correct working of the instruments em- 
ployed, and as to the personal reliability 
of observers; but the latter topic has not 
come into discussion, and the former has 
not arisen since our present patterns of 
instrument came into use. ‘he questions 
for discussion are thus confined to those 
which relate to possible differences be- 
tween the temperature of the point at 
which the thermometer was placed and 
the normal temperature at the same depth 
in its vicinity. 

1. The heat generated by the action of 
the boring tool will vitiate the observa- 
tion if sufficient time is not allowed for 
its escape. 

A very full discussion of this subject in 
connection with the great artesian well 
at La Chapelle will be found in reports 
V., VL, and VIL. clearly establishing the 
fact that the temperature at the bottom 
both on the third and the sixth day after 
the cessation of boring operations, was 
74° F. higher than after the lapse of four 
months, though the water had been left 
to itself during this interval. Further 
evidence showing that the temperaturein 
the lower part of a bore full of water may 
thus be raised several degrees, is fur- 
nished by the Sub-Wealden bore. 

2. The gencration of heat by local 
chemical action is well known to be a 
powerful disturbing cause when pyrites 
is present. The observers in the mines 
of Schemnitz say, “ Pyrites and also de- 
caying timber were avoided, as being 
known to generate heat.” The observa- 
tions in the coal mines of Anzin show & 
temperature of 703° F. in shaft IV. (avery 
dry one) at the depth of 21.2 meters, or 
less than 70 feet. ‘Thismust be about 15° 
F. above the normal temperature. In 
shaft IT. the observer mentions that there 
was, at a depth of 90m., a seam of coal in 
which heat was generated by oxidation. 
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At Talargoch lead mine, in Flintshire’ 
the discrepancies between the tempera- 
tures at the six observing stations are 
suggestive of local chemical action. 

3. Convection of heat has proved a 
very troublesome disturbing cause. 

As to convection of heat by air in a shaft 
or well not filled with water, evidence 
will be found in the second report both 
in the case of Mr. Hunter’s observations 
in the shafts of two salt mines at Carrick- 
fergus, having the depths of 570 and 770 
feet respectively, and in the case of Mr. 
Symons’ observations at Kentish Town, 
where the first 210 feet of the well are 
occupied with air. At the depth of 150 
feet the temperature was 52.1in January, 
and 54.7 in July. 

Convection of heat by water in old 
shafts which have been allowed to become 
flooded, is very manifest in some of the 
observations communicated by Mr. Burns 
in the second and fourth reports. In 
Allendale shaft (Northumberland), 300 
feet deep, with about 150 feet of water 
the temperature was practically the same 
at all depths in the water, and this was 
also the case in Breckon Hill Shaft where 
the observations extended from the 
depth of 42 feet to that of 350 feet. A 
similar state of things was found in a 
shaft at Ashburton (Devon) by Mr. 
Amery, who observed at every fiftieth 
foot of depth down to 350 feet. 

Convection by water in the great well 
at La Chapelle, 660 m. (2165 feet) deep, 
and 1.35 m. (4 feet 5 inches) in dia- 
meter at the bottom, appears probable 
from the following comparisons: 

Very concordant observations (com- 
municated by M. Walferdin to Comptes 
rendus for 1838) at three different wells 
in the Paris basin of the respective depths 
of 263 m., 400 m., and 600 m., show by 
comparison with one another, and with 
the constant temperature in the artificial 
caves under the Paris Observatory a rate 
of increase of 1° F. in 56 or 57 feet. 
These data would give, at the depth of 
100 m., or 328 feet, a temperature of 57°, 
and at the depth of 660 m., or 2165 feet, 
a temperature of 90°; whereas the tem- 
peratures actually observed at those 
depths in the well at La Chapelle in Oc- 
tober, 1873, when the water had been 
undisturbed for a year and four months, 
were 59°.5 and 76°. Jt thus appears 
probable that the upper part of well is 





warmed, and the lower part cooled, by 
convection. Further light may be ex- 
pected to be thrown on this point when 
the well reaches the springs, and the 
water spouts above the surface, as it does 
at the Puits de Grenelle. A letter re- 
ceived by the secretary in July, 1882, 
states that the engineering difficulties 
have prevented any deepening of the well 
since the above observations, but that 
arrangements for this purpose have now 
been made. 

More certain and precise information 
as to the effect of convection in deep 
bores is furnished by the experiments of 
Herr Dunker at Sperenberg. The prin- 
cipal bore at Sperenberg has a depth of 
4052 Rhenish, or 4172 English feet, and is 
entirely in rock salt, with the exception 
of the first 283 feet. Observations were 
first taken (with a maximum thermome- 
ter on the overflow principle) at numer- 
our depths, from 100 feet to the bottom, 
and showed a fairly regular increase of 
temperature downwards. The tempera- 
ture at 700 feet was 16°.08 R., and at 
3390 feet 34°.1 R. Plugs were then con- 
trived which could be fixed tight in the 
bore at any depth with the thermometer 
between them, or could be fixed above 
the thermometer for observing at the bot- 
tom. Convection was thus prevented, 
and a difference of one or two degrees 
Réaumur was found in the temperatures 
at most of the depths; at 700 feet the 
temperature was now 17°.06 R., and at 
3390 feet 36°.15. We have thus direct 
evidence that convection had made the 
temperature at 3390 feet 2°.05 R., or 4°.6 
F. too low; and this, as Herr Dunkerre- 
marks, is an under-estimate of the error, 
inasmuch as convection had been exert- 
ing its equalizing action for a long time, 
and its effect could not be completely de- 
stroyed in the comparatively short time 
that the plugs were in position. Again, 
as regards the effect of convection on the 
upper part of the bore, the temperature 
11°.0 R. was observed at the depth of 
100 feet in the principal bore when no 
plugs were employed, while a second bore 
only 100 feet deep in its immediate vicin- 
ity showed a temperature 9°.0 R. at the 
bottom. ‘This is direct evidence that the 
water near the top of the great bore had 
been warmed 2° R., or 44° F. by convec- 
tion. 

Suggestions for observations in filled 
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up bores will be found in the eleventh re- 
port, but they have not yet taken a prac- 
tical shape. 

D. Questions Arrectine Depuctions 
FROM OBSERVATIONS.—1. In many instances 
the observations of temperature have been 
confined to considerable depths, and in 
order to deduce the mean rate of increase 
from the surface downwards it has been 
necessary to assume the mean tempera- 
ture of the surfuce. To do this correctly 
is all the more difficult, because there 
seems to be a sensible difference between 
the mere temperature of the surface and 
that of the air a few feet above it. 

In the third report someinformation on 
this point is given, based on observations 
of thermometers 22 inches deep at some 
of the stations of the Scottish Meterologi- 





cal Society, and of thermoneters 3 
(French) feet deep at Greenwich and at'| 
Edinburgh. These observations point to | 
an excess of surface-temperature above | 
air-temperature, ranging from half a de- | 
gree to nearly two degrees, and having | 
an average value of about one degree. 

Dr. Schwartz, Professor of Physics in 
the Imperial School of Mines at Schem- 
nitz, in sending his observations made in 
the mines at that place, remarks on this 
point : 





‘‘ Observations in various localities show 
that in sandy soils the excess in question 
amounts, on the average, to about half a | 
degree Centigrade. In this locality the | 
surface is a compact rock, which is highly | 
heated by the sun in summer, and is pro- 
tected from radiation by a covering of 
snow in winter; and the conformation of 
the hills in the neighborhood is such as to 
give protection against the prevailing 
winds. Hence the excess is probably 
greater here than in most places, and 
may fairly be assumed to be double the 
above averzge.” 

Some excellent observations of under- 
ground temperature at small depths were 
made at the Botanic Gardens, Regent's 
Park, London, for the six years 1871-76, 
along with observations of air-tempera- 
ture, and have been reduced by Mr. Sym- 
ons. They are at depths of 3, 6, 12, 24, and 
48 inches beneath a surface of grass, and 
their joint mean derived from readings 
at 9a. m. and 9 p. m. for the six years is 
49.9, the mean for the 48 inch thermome- 
ter being 50.05. The mean air-tempera- 
ture derived in the same way from the 








readings of the dry-bulb thermometer ig 
49.6. Hence it appears that the excess 
of soil above air is in this case about 
0°.4. 

Quetelet’s observations for three years 
at Brussels (p. 48 of his “ Mémoire”) 
make the earth, at depths less than 1} 
foot, colder than the air, and at greater 
depths warmer than the air. 

Caldecott’s observations for three years 
at Trevandrum, in India, make the ground 
at the depth of 3 feet warmer than the air 
by 5°.7 F. 

Dr. Stapff, in his elaborate publica- 
tions on the temperature of the St. 
Gothard Tunnel, arrives at the conclusion 
that the mean temperature of the soil on 
the surface of the mountain above the 
tunnel is some degrees higher than that 
of the air, the excess increasing with the 
height of the surface and ranging from 
2° or 3° C. near the ends of the tunnel, 
to 5° or 6° in the neighborhood of the 
central ridge. 

2. Connected with this is the question 
whether the mean annual temperature 
of the soil increases downwards from the 
surface itself, or whether, as is sometimes 
asserted, the increase only begins where 
annual range ceases to be sensible—say 
at a depth of 50 or 60 feet. 

The general answer is obvious from 
the nature of conduction. Starting with 
the fact that temperature increases down- 
wards at depths where the annual range 
is insensible, it follows that heat is travel- 
ing upwards, because heat will always 
pass from a hotter to a colder stratum. 
This heat must make its way to the sur- 
face and escape there. But it could not 
make its way to the surface unless the 
mean temperature diminished in approach- 
ing the surface; for if two superposed 
layers had the same mean temperature, 
just as much heat would pass from the 
upper to the lower as from the lower to 
the upper, and there would not be that 
excess of upward flow which is necessary 
to carry off the perennial supply from 
below. 

This reasoning is rigorously true if the 
conductivity at a given depth be indepen- 
dent of the temperature, and be the same 
all the year round. By “conductivity” 
we «re to understand the “flux of heat” 
divided by the “ temperature-gradient ;” 
where by the “flux of heat” is meant the 
quantity of heat which flows in one 
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second across unit-area at the depth con- | temperature with depth. The two ex- 
sidered, and by the “temperature-gra-| treme assumptions that the surface is an 
dient ” is meant the difference of tempera-|isotherm, and that the isotherms are 
ture per foot of descent at the depth and | horizontal, lie on opposite sides of the 
time considered. ‘truth. The isotherms, where they meet 

Convection of heat by the percolation | the sides of the mountain slope in the 


of water is here to be regarded as in- 
eluded in conduction. If the conductivity 
as thus defined were the same all the 
year round, the increase of mean tempera- 
ture per foot of depth would be indepen- 
dent of the annual range, and would be 
the same as if this range did not exist. 
As a matter of fact, out of six stations 
at which first-class underground ther- 
mometers have been observed, five show 
an increase downwards, and one a de- 
crease. The following are the results 
obtained for the depths of 3, 12, and 24! 
French feet: 
12 ft. 24 ft. | 
85 53.69 53.71 


8 45.92 46 


years.....-. 46.138 46.76 47.09) 
(Observatory), | 
17 years ... 46.27 46.92 47.18) 
Trevandrum (India), 3 . 


86.12 _ 
50.61 50.28) 


In calculating the mean ranarnatens 
at 12 feet for Trevandrum, we have as-| 
sumed the temperature of May, which is 
wanting, to be the same as that of April. | 

Omitting Trevandrum, and taking the 
mean values at 3 and 24 French feet, 
we find an increase of 6.56 of a degree in | 
21 French feet, which is at the rate of | 
1° for 32 French, or about 34 English | 
feet. 

3. Another question which it has some- | 
times been necessary to discuss is the in- | 
fluence which the form of the surface’ 
exerts on the rate of increase of tempera- | 
ture with depth. 

The surface itself is not in general iso- | 





Brussels, 3 years 51 
Edinburgh (Craigleith) 5 . 
0 


“ee 


y' 
Greenwich, fourteen years 50.92 


same direction as the sides of the moun- 
tain, but to a less degree. Probably 
the tangents of the two slopes are gener- 
ally about as 3 to 4. 

Further, if we draw a vertical line cut- 
ting two isotherms, the lower one must 
have less slope than the upper, because 
the elevations and depressions are 
smoothed off as the depth increases. 

The practical inference is that the dis- 
tance between the isotherms (in other 
words, the number of feet for 1° of in- 
crease), is greatest under mountain crests 
and ridges, and is least under bow]l-shaped 
or trough-shaped hollows. 

The observations in the Mont Cenis 
tunnel, and the much more complete ob- 
servations made by Dr. Stapff in the St. 
Gothard tunnel, fully bear out these pre- 
dictions from theory. The discussion 
of the former occurs in the fourth re- 
port, p. 15. 

As regards the St. Gothard tunnel, Dr. 
Stapff reports: “The mean rate of in- 
crease downwards in the whole length of 
the tunnel is .02068 of a degree Centi- 
grade per meter of depth, measured from 
the surface directly over. This is 1° F. 
for 88 feet. Where the surface is a steep 
ridge the increase is less rapid than this 
average; where the surface is a valley or 
plain the increase is more rapid.” 

4. The question whether the rate of 
increase downwards is upon the whole 
the same at all depths, was raised by 
Prof. Mohr in his comments upon the 
Sperenberg observations, and is discussed 
so far as these observations bear upon it, 
in the 9th and 11th reports. 

Against the Sperenberg observations, 





thermal, but its temperatureis least where | which upon the whole show a retardation 
its elevation is greatest; the rate of de- | of the rate of increase as we go deeper, 
crease upwards or increase downwards | may now be set the Dukinfield observa. 
being generally estimated at 1° F. for|tions begun by Sir William Fairbairn, 
300 feet. This is only about one fifth of and continued by Mr. Garside. Taking 
the average rate of increase downwards | Mr. Garside’s observations, and assum- 
in the substance of the earth itself be-| ing a surface temperature of 49°, the in- 
neath a level surface. If the two rates | crease in the first 19874 feet is at the rate 
were the same, the isotherms in the in-| of 1° in 79.5 feet; in the next 420 feet it 
terior of a mountain would be horizontal, lis at the rate of 1° in 70 feet, and in the 
and the form of the surface would have | last 2834 feet it is at the rate of 1° in 
no influence on the rate of increase of | 514 feet. 
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From a theoretical point of view, in| tions of Sir William Fairbairn and Mr, 
places where there is no local generation | Garside, near Manchester, an exception- 
of heat by chemical action, thecasestands | ally slow rate of increase, without ex- 
thus : | ceptionally good conductivity, it is open 

The flow of heat upwards must be the to us to fall back on the explanation of 
same at all depths, and the flow is equal exceptionally small thermal capacity per 
to the rate of increase downwards, multi-| unit volume in the underlying region of 
plied by the conductivity, using the word the earth, perhaps at depths of from a 
“conductivity ” (as above explained) in| few miles to a few hundred miles. 
such a sense as to include convection.| 6. A question which was brought into 
The rate of increase downwards must, | consideration by Prof. Hull, in connec- 
therefore, be the same at all depths at) tion with the great difference between the 
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which this conductivity is the same. 

This reasoning applies to superposed 
strata at the same place, and assumes 
them to be sufficiently regular in their 
arrangement to ensure that the flow of 
heat shall be in parallel lines, not in con- 
verging or diverging lines. 

5. If we have reason to believe that 
the flow of heat upwards is nearly the 
same at all places, then the above reason- 
ing can also be applied approximately to 
the comparison of one place with another ; 
that is to say, the rates of increase down- 
wards, in two masses of rock at two dif- 


| rate of increase at Dukinfield and that at 
| Rosebridge, is the effect of the dip of the 
strata upon the vertical conduction of 
heat. Laminated rocks conduct heat 
much better along the planes of lamina- 
‘tion than at right angles to them. If k, 
denote the conductivity along, and &, the 
conductivity normal to the planes of 
lamination, and if these planes are in- 
clined at an angle 6 to the horizon, the 
number of feet per degree of increase 
downwards corresponding to agiven rate 
of outflow through the surface, will be 
the same as if the flow were vertical 


with a vertical conductivity : 





ferent places, must be approximately in 
the inverse ratio of their conductivities. » gin? a 
In the cooling of a heated sphere of| get O+Rpoe' ©. 
heterogeneous composition, the rates of Prof. Herschel finds about 1.3 as the 
flow would at first be very unequal | ratio of the two principal conductivities in 
through different parts of the surface,'Loch Rannoch flagstone, and 1.875 as 
being most rapid through those portions | the ratio in Festiniog slate. 

of the substance which conducted best;' The dip of the strata at Dukinfield is 
but these portions would thus be more | stated by Mr. Garside to be 15°, and we 
rapidly drained of their heat than the | have sin? 15° = .07, cos? 15° = .93. 
other portions, and thus their rates of} If we assume 4, = 1.34%, as in the 
flow would fall off more rapidly than the | case of flagstone, we find for the effective 
rates of flow in the other portions. If| vertical conductivity &, (.09 + .93) = 
the only differences in the material were 1.02 %,, so that the number of feet per 
differences of conductivity, we might on | degree would only be increased by 2 per 
this account expect the outflow tobeafter | cent. 

a long time nearly the same at all parts| It is not likely that the two conduc- 
of the surface. But when we come to | tivities in the strata at Dukinfield are so 
consider differences of “thermal capacity | unequal as even in the case of flagstone, 
per unit volume,” it is clear that with | so that two per cent. isa high estimate of 
equal values of “diffusivity,” that is of | the effect of their dip on the vertical rate 
“conductivity divided by thermal capa-| of increase so far as pure conduction is 
city of unit volume” in two places, say |concerned. The effect of dip in promot- 
in two adjacent sectors of the globe, there | ing the percolation of water is a distinct 


would be the same distribution of tem- 
perature in both, but not the same flow 
of heat, this latter being greatest in the 
sector in which the capacity and conduc- 
tivity were greatest. 

Where we find, as in Mr. Deacon’s ob- 
servations at Bootle, near Liverpool, and 
to a less marked degree in the observa- 





consideration, but the workings of the 
Dukinfield mines are so dry that this 
action does not seem to be important. 
———_+a>e—_—_. 
A New Caste.—The London Zimes 
says a new submarine cable will shortly 
be laid between France and Senegal. 
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MERICAN Socrety oF CrviL ENGINEERS. 

—A regular meeting of the American So- 

ciety of Civil Engineers was held on the evening 
of March 7th, 1883. 

The ballots for the Amendments to the Con- 
stitution were canvassed. 

A paper by Hamilton Smith, Jr., M. Am. 
Soc. C. E. of San Francisco, on the “ Flow of 
Water in Pipes,” was read. This paper gave 
the results of many experiments upon the dis- 
charge of water through circular pipes ranging 
from one-half an inch to 4 feet in diameter, and 
with velocities from one-sixth of one foot to 


twenty feet per second. 

JI NGINEER’S CLUB OF PHILADELPHIA.—Reg- 
HK ular meeting March 3d. Mr. Horace See 
described the 8. S. ‘‘ Mariposa,” built for the 
Oceanic S. 8. Co. of San Francisco, Cal., by the 
Wm. Cramp & Sons 8. and E. B. Co., of 
Philadelpbia. 

The Secretary presented, for Prof. Mansfield 
Merriman, a description of a Graphic Solution 
of Cubic Equations, 

Mr. Wm. P. Osler presented a table for Belts, 
Nuts and Threads, prepared by Mr. H. C. 
Slaney, Gas Engineer, and himself. 

The Secretary presented tracings of device 
for holding transit pole vertically, and shelf for 
holding field instruments in vertical position 
while temporarily out of use in office, contrib- 
uted to the Club by Mr. Chas. E. Chandler, 
Civil Engineer, Norwich, Conn. The former 
consist of a bubble tube, framed at right angles 
to the rod, and the latter of a shelf notched out 
to admit the legs under the tiipod head and 
provided with a slide in front to retain the in- 
strument in place. 

The Secretary read a communication from 
C. René, of Stettin, describing a process for the 
drying of wood, intended especially for the 
preparation of wood for musical instruments, 
but perhaps otherwise useful. It is described 
as follows : 

“The wooden boards are so arranged in a large 
iron kettle, that gases may freely circulate over 
their entire surface, and exposed, in the first 
place, for twelve hours to the drying effects of 
hot air : after this the kettle is closed, reheated 
by the apparatus below and the air exhausted, 
when the kettle is filled with the oxygen ozon- 
ized by electrical sparks passing continually 
between two points of platina, forming the end 
poles of two wires conducted through tubes of 
glass into the kettle. The ozone is said to act 
so energetically upon the heated wood that it 
consumes the destroying resinous, oily or other 
parts in from 12 to 24 hours.” 


Reeu.aR Meetine, Fes. 177TH. 


The Secretary presented, for Mr. J. M. Stew- 
art, the following description of the Delaware 
Breakwater Harbor Improvement. 

The construction of the Delaware Break- 
water was commenced in the year 1829, upon 
plans submitted by a Board of Commissioners 
aa by the Congress of the United 

tates, 


The project of the Board contemplated the 
Vor. XXVIIT.—No. 4—24. 


| construction, in the concavity of the Delaware 
| Bay, just inside Cape Henlopen, of two mas- 
| sive works on the ‘‘ pierres perdues ” or rip-rap 
system, separated by an interval or ‘‘ gap ” of 
about one-quarter of a mile; the greater 
called the ‘‘ Breakwater,” to be about twenty- 
six hundred (2600) feet long, and fourteen (14) 
feet above low water, to afford safe anchorage 
during gales from the north and east; the 
other called the ‘‘Ice Breaker,” to be about 
one-half the length of the greater work, and of 
the same height, to protect shipping against 
northwesterly gales and heavy drifting ice of 
the bay. 

During ten years the progress of construc- 
tion was such, that by 1839, eight hundred and 
thirty-five thousand (835,000) tons had been 
deposited. From this time on, work was done 
irregularly, until 1869, when the works were 
completed as they stand at present. 

The Breakwater Harbor for many years ful- 
filled, so far as its capacity enabled it, the de- 
sign of its projectors in protecting the com- 
merce of the country. But the growth of this 
commerce, particularly the last twenty-five 
years, has so far exceeded possible anticipation, 
| as to practically exclude more thana fractional 
part from the intended shelter. At various 
times, therefore, projects looking to the en- 
largement of the protected area have been the 
subject of deliberation by officers and boards of 
engineers; and the matter received renewed 
attention during the fiscal just closed, from the 
reference by the Chief of Engineers of the U. 
S. A., to a report of Major Wm. Ludlow, 
Corps of Engineers, U. 8. A., showing by 
comparison of a recent survey with former 
ones, that not only was the protected area 
yearly diminishing relatively to the amount of 
shipping seeking shelter, but was also under- 
going a positive and serious deterioration from 
a marked decrease in depth. In view of this 
deterioration, a Board of Engineers recom- 
mended as a possible remedy, the closure of 
the ‘‘Gap” existing between the Breakwater 
and adjoining Ice Breaker, which, it is be- 
lieved, will, to a greater or less extent, check 
further deposits within the harbor and remove 
those existing on the shoals in its vicinity, and 
also increase the protected area of anchorage 
nearly four-fold. 

It is proposed to close this ‘‘Gap” by means 
of a concrete superstructure resting upon a 
granite rip-rap foundation, described generally 
as follows: 

A bridge of creosoted timber is first to be 
constructed completely across the ‘‘ Gap,” 
with bays of sixteen feet long. Exch trestle is 
to be formed of three piles, the center pile 
vertical, the others inclined, and forming with 
the cap a profile for the concrete work. A 
double railroad track is to be laid on the bridge 

' for the transportation of material. 

Upon the completion of the bridge, it is pro- 
posed to begin the deposit of the rip-rap (the 
granite used weighing not less than one ton, 

|the average being three to the block), laying 
| the same uniformly across the ‘‘ Gap” to pre- 
| vent scouring of the bottom, and to gradually 
raise the height of the rip-rap to twelve (13) 
'feet below mean low water, with a width of 
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forty-eight (48) feet on top, and a side slope of 
one-balf on one. 

The concrete superstructure is to begin 
twelve (12) feet below low water, with a base 
of twenty-four (24) feet wide, height twenty- 
four (24) feet, side slope of four (4) on one (1), 
and a width on top of twelve (12) feet. 

The concrete is to be built in blocks of the 
above cross section and length of sixteen (16) 
feet, corresponding to the length of the bays 
of the bridge. For this purpose the bays are 
to be enclosed with detachable aprons form- 
ing boxes to be filled in succession, the boxes 
containing at each end a triangular re-entrant, 
which, after the two adjoining boxes have 
been filled, can be taken down and likewise 
filled, formivug square plugs to bind togethe 
the larger blocks. To hold the said aprons 
in position, tie-rods will be used, passing 
through pipes, the ex'remities of which will be 
flush with the exterior surface of the concrete. 

The aprons and tie-rods used in the con- 
struction of eich block can be removed and 
used again as soon as the mass shall have at- 
tained the requisite solidity. 

The closing of the ‘‘ Gap” hetween the Ice 
Breaker and Breakwater will be begun at 
once, and it is expected that the work will be 
completed in about five years. 

Dr. H. M. Chance reported bis experience | 
with the Loiseau Fuel in domestic use. He} 
found the ash low in weight, but high in | 
bulk. 
fuel for open grates and for manufacturing 
purposes. 

The Secretary called attention to a letter, 
from Mr. E. H. Talbott, Secretary of the Na- 
tional Exposition of Railway Appliances, re 


gifted her. The idea is a grand one, but it is 
not at all out of keeping with the great progress 
made in electrica] science, notably with that 
branch of it which deals with the conversion of 
electricity into motive power. It should be 
remembered that we are as yet only on the 
threshold of an inquiry which may produce 
| unlooked-for results. 


( ~\CEAN CABLES.—The two great cable manu- 
facturing companies, viz., the Telegraph 
Construction and Maintenance Company, and 
the Silvertown Company, have between them 
;manufactured and laid something like 7000 
| miles of cable during the year. The following 
|is, we think, a fairly complete list of the 
; cables: Trieste-Corfu ; Malta-Tripoli; Alex- 
| andria Port Said—manufactured by the Tele- 
— Construction and Maintenance Company 
'for the Eastern Telegraph Company ; the 
| Grutsiel-Valentia cable, manufactured by the 
| same company for the German Union Com- 
| pany ; the Ceara-Maranham, Madeira-Lisbon, 
| and Lipari-Salina cables, also manufactured by 
| tbe Telegraph Construction Company. The 
| Silvertown Company has been very busy dur- 
| ing the year over the West Coast of America 
_and other cables. The sections of these cables 
are Chorillos Payta, Payta-St. Helena, Galveston- 
| Brownsville, St. Helena-Buenaventura, Buena- 
ventura-Pearl Island, Salina Cruz-Libertad; Lib- 
ertad S. Jaun del Sur; S-Juan del Sur-Pearl Is- 
land. These are all, as will be seen, from Am- 
erica, as were several others. The company 


His conclusion was that it is a good | . . 
. | manufactured the Saghalien Tartary cable for 


|the Great Northern Company, the Aberdour 
|Granton cable for the Post-office, and some 
| others. Messrs. Siemens have, it seems, done 
| little cable work during the year, the principal 
| being the Land’s End Dover Bay, and the 


questing co-operation in obtaining, or bringing Jeddah-Suakin cables. The total lengths of 
to his notice, any articles, new or old, APPTO-| these cables, us we have said, is about 7000 
priate to that Exposition. |miles, und the manufacture has heen pretty 
|equally distributed between the two. great 
———eoOEee |companies. Roughly speaking, we may esti- 

| mate the cost of making and laying a cable at 
ENGINEERING NOTES. {some £200 per mile more or less, and this 

| would give the capital for the year’s work at 


J ie New Motive Power AND THE StT.| something like a million and a half. The 
GeTHarv Rarmway.—The opening of the} largest cable company is the Eastern, which, 
St. Gothard Railway has given rise to a pro-| with its connections, has a system comprising 
posal the magnitude of which can scarcely be; about 22.000 miles of cable, and if to this the 
overrated: At present that new railway, as|syStem of the Eastern Extension is added— 
well as the North Italian lines, labor under the | for the whole is really one system—the mileage 
serious drawback of dear fuel, whereas the | reaches nearly 33,000 miles. During the year 
lines of access to Antwerp and Marseilles ob-| some notable repairs have been effected by the 
tain their supplies of coals on much more} ships and staff of the Telegraph Construction 
favorable terms. If this difficulty could be | and Mainienance Company. The Kangaroo 
overcome, the freight rates on the St. Gothard | repaired the 1874 Atlantic cable off Newfound- 
system might be considerably reduced, to the|land in the spring; in August the Seine re- 
great advantage of all concerned. The line! paired the Lisbon-Porthcurnow cable in 2700 
traverses streams which, properly utilized, | fathoms of water off the coast of Spain. Dur- 
would give almost limitless water power, and! ing the laying of the duplicate Madeira-Lisbon 
experiments are being made wiih a view to| cable a new shoal was found and the course of 
transmuting, by means of electricity, this po-| the cable diverted. The shoal rises to within 
tential power into a-force that wiil render it | 100 feet of the surface, and the depth of water 
possible to run trains from the Rhine at Basel | rapidly increases to over 2000 feet. The shoal 
to the shores of Lake Maggiore without any| is now marked on the Acmiralty charts as the 
fuel whatever. In this way may Switzeriand’s| Seine shoal. A similar shoal was found along 
want of minerals be more than compensated by | the original line of cable, and is known as the 
the abundance of water with which nature has' Gettysbury shoal. 
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| : . : 
|in the case of hardening steel we are acting 


HILLED IRon vs. STeEEL.—In the discus- | 


sion following Prof. Abel’s paper on 
«Hardening of Stcel,” before the Institution of 


Mechanical Engineers, Sir Frederick Bramwell | 


made the following inquiry :— 


“T should be very glad, sir, if Prof. Abel, in| 


his remarks in reply, would touch upon the 
question of whether we may look upon the con- 


dition of carbon in hardened steel as analogous | 


to that of carbon in chilled cast iron. 
that we have cast iron, which, before chilling, 
contains—to judge by the eye--carbon inter- 
mixed, as it were, with the iron, but if you 
chill it, you get a uniform structure. 
like him to say, if there is anything in it, 
whether the same reasoning that prevails as re- 


gards the bardening of iron by chilling, under | 


those circumstances, prevails as regards the 
tempering of steel. In speculating upon 


We know | 


I should | 


this matter, for it has amounted to nothing | 


more, I have often thought that the operatiou 


of hardening steel was similar to that of chilling | 
iron, and that it had the effect of preventing | 


the separation out of the carbon from the par- 
ticles of iron which might take place if the 
cooling was gradual; and that in that way it 
was retained within the iron and made there- 
fore permanent, either as a chemical compound 
oras an alloy, and so causing the particular 
properties of the hardened or tempered metal. 
It has occurred to me that if this were so, one 
might perhaps be abie to attain the same end in 


steel or in molten iron by subjecting it to vio- | 


lent agitation during the whole time the cooling 
was taking piace—that is to say, let the cooling 
be gradual, but let the agitation go on. I have 
in my mind that which one does with certain 
mixed liquids. If you allow them to cool grad- 
ually they will separate out, but if you cool 
them rapidly, and during the time of cooling 
keep a uniformity or mixture, you prevent the 
separation. 
chilling molten cast iron or of hardening the 
steel is to prevent the separation out, that prob- 
ably—I do not say at all certainly—-the same re- 


upon the material in a solid condition. There- 
fore, there is an important element of difference 
between the twocases. How far this may effect 
the result I hope the experiments upon which 
we have embarked, if we have the courage to 
continue them sufficiently far, may throw some 
light. It is right that in reference to this I 
should refer to some interesting experiments 
with which, no doubt many of the members 
may be already acquainted, and which have 
been made by M. Clemendeau, in which he has, 
by steel raised to a red beat, then subjecting it 
to powerful pressure, obtained results very sim- 
ilar—so far as regards the physical characters 
of the products--to those produced by the 
hardening and tempering process; and he 


| claims for this particular method of treating 


steel that while he can produce a degree of 
hardness and variety of temper, just similar to 
that which is produced by the ordinary harden- 
ing and tempering process, he also produces an 
effect which is permanent, and which is not 
subsequently affected by considerable variations 
of temperature. I think the results, as 1 have 
seen them, certainly have some promise, and 
that it is worth while to examine into them 
more closely ; and with this view it is intended 
by us at the Arsenal to make some experiments 
—upon which we have already ¢«mbarked—with 
a view to ascertain whether M. Clemendeau’s 
results—which, as I say, appear so far to be 
promising—are fully borne out in actual prac- 
tice, 


( N THE EFFECTS OF COMPRESSION ON THE 

HARDNESS OF STeEL. — Experiments 
were made at the ironworks of Saint Jacques 
at Montlucon confirmatory of the results al- 
ready presented by Mr. Dumas in the name of 


| Mr. Clemandot, that in compressed steel there 
| was an increased hardness as compared with 


It seems to mé, if the effect of | 


sult might be obtained by the agitation which | 


would prevent the quiescent separating out in | 


the case either of the cast iron or of the steel ; 
and that in that way one might, as 1t were, by 
another process check the conclusions, arrived 
at by a chemical analysis. 


uncompressed Further results have been ob- 
tained. Steels have been analyzed, compressed 
and uncompressed, containing different pro- 
portions of carbon. The proportion of com- 
bined carbon, as regards the total carbon, has 
already been found to be greater in the com- 


| pressed as compared with the non-compressed 


steels. The experiments were made on elon- 


| gated shot, the samples being taken from four 
| different points in the depth, and the combined 


gard to the questions raised by Sir Frederick | 


Bramwell, I can only venture to offer a very 
guarded opinion. 
regarded the condition of carbon in chilled 


I confess that I have always | 


iron as analogous, if not similar to, the condi- | 


tion of carbon in hardened steel. So far as a 
chemical comparison of these two materials go 
it would appear as if the sudden ar. esting of 
the effect of heat, or the sudden bringing down 
from a highly-beated comparatively cold con- 
dition, the mass of the material, be it cast iron 
or be it steel, has an analogous effect upon the 
condition of the carbon in the material. There 
is, of course, this important difference between 
the two materials which we are dealing with— 
that in the case of the cast iron we are acting 
upon the liquid in the fluid condition, whereas 


To which Professor Abel replied:—With re- | he total carbon by Bossinyault’s. 


carbon was tested by the Eggertz process, and 
The com- 
parative results are so constant that one table 
of results will suffice: 
Uncom- 

Compre:-sed. pressed. 

Carbon, total per 
ee rae 0. 0.70 

Combined carbon 
0.49) 
0 50 | 
0.47 | 
0.50) 


0.21 


Mean 
0 49 


I 
Free carbon by dif- 
ference..........0.115 


Thus the compressed steel has more com- 
bined and less uncombined carbon. The same 
results were obtained by sudden cooling in the 





348 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





ordinary manner of hardening. Hence com-| goods engines draw the following loads at a 
pression produces the same physical effects as|speed of from 15 to 20 kilometers (9 to 12 
sudden cooling in steels. miles) perhour: On the sections with gradients 
| below 1 in 100, 250 tons gross; on long inclines 
— |of 2.7 in 100, 75 to 80 tons gross. In July, 

RAILWAY NOTES. 


| 1881, Generals Saussier and Delebuque decided 

| that arailway must at once be laid down from 
: ARROW-GAUGE RaILWAys IN ALGERIA.—| the nearest station on the Arzew and Saida 
Bs A paper on ‘‘ Narrow-Gauge Railways | Railway to Mecheria, 115 kilometers (71 miles) 
in Algeria” was recently read by M. Fousset, | distant, this being the farthest military outpost 
before the French Society of Civil Engineers, | stationed to suppress the Algerian insurrection. 
of which a brief account will be found inter-| The Franco-Algerian Railway Company un- 
esting. The superiority of narrow-gauge to | dertook to lay down the first 34 kilometers in 


broad-gauge railways for Algeria springs! 100 days, and to complete the entire 115 kilo- 
from the nature of the trade of the country. 
As the products of all the provinces are the 
same, there is little internal traffic, and every- 
thing is sent to the sea for export. Thus the 
gross receipts of the railway from Algiers to 
Oran (gauge 4 feet 84¢ inches) amounted to 12,- 
830 francs only per kilometer per annum, and 
the speed is only 18 miles an hour, which 
would be low for a varrow-gauge line. Fora 
long time to come the main traffic will be in 
agricultural products for which lines of 1.10- 
meter (3.6-foot) gauge will amply suffice; in 
some cases, indeed, a 0.75-meter (214-foot)gauge 
might be laid down with advantage. Further, 
the soil contains many heavy clay beds, which 
necessitate wide curves to avoid them; as other- 


wise the heavy rains and the torrent-like water | 


courses which occur frequently in different lo- 
calities expose the line to accidents which it 
is impossible to provide against; slips in this 
clay cannot be dealt with till dry. M. Fous- 
set, therefore, erected wooden bridges and light 
viaducts over them, and often made a curve of 
80 meters in order to avoid them alvogether. 
The lightness of materials greatly facilitated 
these works. M. Fousset considers that in 
making such railways it would he expedient to 
let to one contractor at least 1,000 kilometers 
(600 miles) starting from the sea towards the 
desert in order that he might at once have am- 
ple supplies of material, and so organize the 
management as that all officials of the line 
should serve by turn on different portions, with 
a view tothe preservation of health. On the 
present development of narrow-gauge railways, 
M. Fousset gives the following statistics: 


Kilometers. 
Lines in Scandinavia 
(opened 1880)......... 1,656 
Lines in New Zealand 
(working or in course 
of construction) 
Lines in Isleof Reunion. 
Lines in Senegal (in 
course of construction) 
Lines in Brazil (under 
contract in 1881) 


647 
132 


500 
5,374 


8,309 or 5,157 miles. 


In the last-named country, 4,748 kilometers 
(2,950 miles) are laid down with a 1-meter 
gauge, which has been deliberately adopted as 


the best. The receipts of these lines vary be- 
tween 7,000 and 22,000 francs per kilometer. 
Their carrying power is amply sufficient. On 
the line between Arzew and Mecheria (Oran) 


| meters in 250 days. The order was given to 
M. Fousset on August 6. The 34 kilometers 
| were laid down in 52 days, and 128 days suf- 
| ficed for the first 76 kilometers, extending to 
Ben Senia. The winter of 1881-82 was ex- 
ceptionally severe in Algeria; but although 
severe floods interrupted the works for 70 days 
the line reached Mecheria on the 239th day, 
viz. April 2, 1882. ©. Fousset considers such 
results could not be obtained on a railwa 
whose gauge was 1.45 meter. On these grounds 
he pronounces in favor of « narrow-gauge sys- 
tem for the whole of the Algerian railways. 


URING the ensuing year, surveys will be 

made, says the St. Petersburg correspon- 
dent of the 7imes, for the following new lines 
|of railway: From Samara through Ufa to 
Omsk, from Ufa to Ekaterinburg, a continua- 
tion of the Ural Railway from Ekaterinburg to 
join the above Samara-Omsk line, and further 
on, in the direction of Troitsk, from Tmerioka 
to Novselsk, the east Donetz line ; from Lugan 
to Millerovo, the branch to Novorossisk, from 
Wioldou to Toukoum, and from Ryieff to 
Viazma. 


‘NHE new departure of the Midland Railway 
Company, in the business of hiring 
wagons, has so far been successful. Many 
colliery companies are giving up the keeping of 
their own wagons, and leasing from the Mid- 
land, whose terms are certainly reasonable. 
For fifty miles and under, on its own line, 
wagons can be had at 6d. per ton, the rate ris- 
ing to 9d. and 1s. when other companies’ lines 
are travelled over, and the distance is consider- 
able. The Midland is certainly in a good posi 
| tion for doing a business of this sort on con- 
| ditions which private firms or even limited com- 
| panies could scarcely offer. It has the labor to 
|its hand, and beyond the mere cost of making 
| the wagons and keeping them in good repair 
gg is very little left in the way of heavy out- 
ay. 





——-- mee 


ORDNANCE AND NAVAL. 


N AMERICAN STEAMSHIP OF THE FUTURE. 

—From a Boston paper, whose speci 
correspondent has just visited the dome-deck 
ship Meteor, recently launched from a shipyard 
at Nyack, on the river Hudson, we gather that 
many besides the designer and builder of this 
remarkable vessel are confident she will re- 





volutionize the carrying trade of the merchant 
marine service of the world. According to 





BOOK NOTICES. 


Captain Bliven, the designer, ‘‘a gentleman who | 
has been building ships on the Clyde for up- 

wards of fifty years ”’ visited the vessel the other 
day, and, after a minute inspection, gave it as 

his opinion that ships built on the Metor lines 
were destined to supersede the present style of 
ocean ships. The qualitics said to be obtained 
in vessels of this new type are powers of self- 
righting, great speed and unsinkableness. Trial 

uf the Meteor is to be made shortly, and if the 
results are such as are anticipated, the building 
of large ocean steamships on the same principle 
will be immediately proceeded with. Concern- 

ing speed, it is expected the new vessel, which 
is comparatively small, and intended only as an 
experimental craft, will attain from 25 to 28 
milesanhour. Machinery of an improved type 
is fitted, differing, it is said, in every material 
respect from that now in general use. Doubts 
are entertained by some regarding this feature 
of the noval craft, but one of the most prominent 

engine builders of New York-has assured a 

director of the company which has been formed 

to promote the buiiding of vessels of the Meteor 
type, that should the machinery not come up 

to expectation, he can put into the steamship 

“an engine that will certainly drive her from 

23 to 25 miles an hour.”’ No apprehensions | 
on this score, however, are felt, and the com- 

pany, having ample funds, is prepared to meet 

any emergency of the kind. Meantime, great 

caution is observed in allowing visitors on 

board the experimental vessel. Captain Bliven 

states that ‘‘ ventlemen in whom I have the 

greatest reliance warn me to beware of emis- 

saries from English shipbuilders, who I kuow 

myself, don’t like the idea of an American 

model superseding the old style of ocean ves- 

sel. I keep a watch on the vessel night and 

day, and after dark the watch is armed. It 

would not be a very difficult job for evil-dis- 

posed persons to row alongside under cover of 

darkness and adjust a torpedo and sink the 

Meteor just as sunshine is about to brighten the 

end of my Jong months of labor!” This, we 

must say, isa genuine Yankee notion. The 

idea of our peace-loving British shipbuilders, 

in despair at their defeat, resorting to the 
“policy of dynamite” is matchless for its 
originality. —Jron. 


\OUND-SIGNALLING IN Foas at Sea.—Con- 
WO sidering the terrible loss of life occasioned 
by steam vessels colliding at sea in foggy 
weather, some systematic means of signalling 
by sound is imperatively called for. The dan- 
ger will not diminish, but is sure to increase, 
from year to year with the increasing number 
and size of the steamships which crowd the 
approaches to our coasts and harbors. At 
present, scarcely any recognized rules and cer 
tainly no systematic code of rules obtain, and 
two or even three vessels, becoming suddenly 
‘ware of each other’s proximity, in their an- 
Xiety to avoid collision, set up a chorus of 
blasts and screeches with their whistles which 
only serve to make confusion worse con-. 
founded. In stating this, we are simply reiter- ; 
ating what has again and again been urged in 
our columns and elsewhere, and as persistently 
ignored or forgotten by those from whom some 
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decided action should be expected. The sink- 
ing of the City of Brussels and the still more 
recent calamity befalling the Cimbria, with the 
appalling loss of life attending it, are casual. 
ties which have once more forced the sub- 
ject -on people’s minds. Will the present 
movement be of effect? Or must we wait 
until some morving we read with horror of 
two of the large Transatlantic mail and pas- 
senger steamships telescoping each other, and 
hundreds of souls being hurried out of ex- 
istence, with, perhaps, a lord of the treasury, 
an archbishop or two, and possibly a member 
of the royal family amongst them, to give to 
the event the requisite significance. Surely, 
enough has already transpired to show the 
paramount need there is for some serious in- 
ternational consideration of the subject of es- 
tablishing a code of sound signals, which, if 
made law by all maritime nations, would pre- 
vent many of the fearful disasters now so 
frequent.—Jron. 

—_—_-=>e ——_——— 


BOOK NOTICES. 
PUBLICATIONS RECEIVED. 


|‘ uRovuGH the kindness of Mr. James Forrest 
we are in receipt of the following pub- 
lished papers of the Institution of Civil Engi- 
neers: 
Current-Meter Observations in the Thames, 
by Prof. Wm. Cawthorne Unwin, M. L. C, E. 
The Sinking of Two Shafts at Marsden, by 
John Daglish, M. I. C. E. 
Track-laying in Canada in 1882, by Henry 
Purdon Bell, M. I. C. E. 
FT VRANSACTIONS OF THE AMERICAN INSTI- 
TUTE OF Mrnine ENGINEERS. 
| ones CALENDAR. By Pres’t Barnard. 


fi.ne New JERSEY WEATHER REVIEW. 


r ke ELEMENTARY Part oF A TREATISE 
ON THE DyNAMICS OF A System oF Rie 
Bopvres. By Edward John Routh, LL.D.; F. R. 


S. London: MacMillan & Co. Price $3 75. 
The first part only of a complete treatise is 

represented by this volume. The table of con- 

tent: affords the following guide to the range 


of topics. 

Chap. I. Moments of Inertia. Il. D’Alem- 
bert’s Principle. III. Motion about a Fixed 
Axis. 1V. Motion in Two Dimensions. V. 
Motion in Three Dimensions. ‘VI. On Momen- 
tum. VII. Vis Viva. VIII. Lagrange’s Equa- 
tions. IX. Small Oscillations. X. On Some 
Special Problems. 

The volume is a royal octavo of 385 pages 
and is beautifully printed. 


CHRONOLOGICAL HisTorY OF THE ORIGIN 
AND DEVELOPMENT OF STEAM NAVIGA- 
rion. By Geo. Henry Preble, Rear Admiral 
U. 8. N. Philadelphia: L. R. Hamersly & Co. 
Price $3 50. 
The author believes this book to contain 
more facts relating to the progress of steam 
navigation than have ever before been gathered 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





into one book. It professes to be nothing more 
than a mere epitome of history, and as such is 
of value to a certain class of students, but will 
hardly prove of interest to the gencral reader. 


RACTICAL Microscopy. By George E. 
Davis, F. R. M. 8S. Second Edition. Lon- 
don: David Bogue. Price $3 00. 


This work is arranged on the plan of | 


Quekett’s Treatise on the use of the micro- 
scope, which has been out of print for some 


years. 
A liberal amount of space is devoted to the 
preparation of microscopic sections. 
The uses of the polariscope and micro-spec- 
troscope are particularly described. 


ECTURES ON THE SCIENCE AND ART OF 
PLuMBING. By S. Stevens Hellyer. Lon- 
don: B. T. Batsford. Price, $2 00 
This is a series of six lectures prepared at the 
request of the National Health Society, Lon- 
don, and delivered in the hall of the Society of 
Arts. 
The subjects treated by chapters are : joints 
and pipe-bending; the necessity of traps; traps 


and trap ventilation; water-closets, soil pipes, | 


and waste pipes; house drainage and ventila- 
tion. 
The illustrations are good and _tolerably 


abundant. 

Wen rn: Its Compostiron, CoLLEecTION. 
AND Distrisution. By Joseph Parry, 

C. E. London: Frederick Warne & Co, 

Price, $1 00. 

This brief essay fairly covers a great subject. 
It is designed as a practical handbook for do- 
mestic and general use, and for such purposes 
it is admirably constructed. Free from techni- 
cal phraseoloyy, it still contains all information 
needful for the general reader regarding water 
supply. 

A. few plain illustrations, mainly of English 
devices, illustrate that portion of the book that 
relates to house distribution. 


Vr] HE Mopern House CarPenter’s Compan- 

ION AND BUILDER’s GUIDE. 
Sylvester. Boston: A. 
Price, $1 25. 

This is an elementary treatise on drawing 
plans and making estimates for ordinary car- 
pentry. 

The instructions are brief, and for a be- 
ginner with but litle ambition would probably 
answer a good purpose. 


Williams & Co. 


—_ ode 
MISCELLANEOUS. 


fe Lay TorPpepo.—Colonel Lay has re- 
cently submitted his torpedo tu a severe 


test in the Bosphurus by discharging it over a | 


course of a mile at a target only 60 feet long. 
The path of the projectile was crossed by three 
distinct currents, of which two flowed slowly 
upward, and one stiongly downward. In addi- 
tion to this the sea wa, very lumpy, especially 
at the junctions of the currents. Yet, in spite 
of the difficulties of the course, the torpedo was 
steered without trouble throngh the =pace sep- 


arating the boats which represented the target, 
and after passing them was caused to turn 
|round and return to the spot where the exam- 
‘ining committee, among whom were Woods 
| Bey, and Frost, Hassan and Hobart Pachas, 
| was stationed. In the Lay torpedo the steering 
| is effected by electricity transmitted through a 
cable, carried in the body of the torpedo, and 
paid out as it runs. Thus the line does not re- 
| quire to be dragged along, and forms no hin- 
drance either to the speed or the manipulation of 
the projectile. The course is followed by means 
of two small sight rods, which project above 
the surface of the water, and can be seen fora 
mile or so by aid of a good glass. These are 
the only parts of the apparatus that are visible 
| when the torpedo is in motion. At rest it pro- 
jects about an inch above the surface, but im- 
mediately it starts it buries itself completely, 
and if the sight rods be lost it is difficult to 
again findthem. At night the rodscarry lamps 
that direct the Jight backwards, and are in- 
visibletotheenemy. The torpedo experimented 
upon is not of the latest pattern; it is a cigar- 
shaped boat 26 ft. long, and 24 in. in diameter 
at the largest part, and weighs, when fully 
prepared for action, with 90 1b. of dynamite. 
one and a half tons. In the more recent ex- 
amplcs the speed bas been increased to 12! 
knots, and the disturbance of the water lessened 
by the use of twin propellers, while the change 
of explosive has been augmented to 150 Ib. 
The results of the trial were so satisfactory 
that a contract was prepared between ihe 
Ottoman Government and Messrs. Lay and 
Nordenfelt. At the last moment, however, this 
fell through, owing to the request of the United 
States minister, that no decision should be come 
to until ths Berden torpedo could be tried also. 
'It is claimed for this latter that it will break 
| through the steel wire netting that is used in 
|the English Navy, and which is believed both 
{here and in Turkey to offer a good defeuce to 
| both the Whitehead and the Lay torpedoes 


THERMOSTAT CURRENT METER.—Anp in- 
genious adaptation of M. Breguet’s well- 
metallic thermometer has been made by 
| M. Dubois, mining engineer. It consists of a 
| fine spiral compound wire of platinum and 
| zinc, suspended 1m a vertical direction and dip- 
| ping at its lower eal into mercury. Midway 
| there is also a connection between the spiral and 
/amercury cup enclosing it, formed by two 
arms branching out from the spiral and dipping 
into the mercury. ‘The upper half of the spiral 
is kinked in one direction and the lower half in 
the other, to prevent changes of atmospheric 
temperature from altering the zero of the in- 
strument by acting on the Breguet spiral. The 
current to be measured is sent through the 
lower half and heats it by overcoming the re- 
| sistance of the compound wire. This rise of 
temperature causes the wire to turn, and being 
| titted with an indicator and scale of the de- 
| flection of the thermostatic coil is read off. 
| Theory shows it to be strictly proportional to 
| the strength of current. 


New Imitation Ivory.—One of the dis- 
advantages of celluloid is the fact that 
it burns very readily when a flame is applied, 
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but « pew compound, said to be fireproof, and 
suitable as a substitute for ivory, is thus made: 
4 solution is prepared of 200 parts of casein in 
50 parts of ammonia and 400 of water, or 150 
parts of albumen in 400 of water. To the so- 
jution the following are added : quicklime, 240 

ts; acetate of alumina, 150 parts; alum 50 
parts ; sulphate of lime, 1,200 parts ; oil, 100 
parts. The oilisto be mixed inthelast. When 
dark objects are to be made, from 75 to 100 
parts of tannin are substituted for the acetate 
of aluminu. When the mixture has been well 
kneaded together, and made into a smooth paste, 
it is passed through rollers to form plates of the 
desired shape. These are dried and pressed in- 
to metallic moulds previously heated, or they 
may be reduced to a very fine powder which is 
introduced into heated moulds and submitted 
to strong pressure. The objects are afterwards 
dipped into the following bath: water, 100 
parts, white glue, 6 parts; phosphoric acid, 10 
parts. Finally, they are dried, polished, and 
yarnished with shellac. 


JIXPERIMENTS have been recently made by 

“4 M. Allard with regard to the range of 
sound from various instruments: a large and a 
small bell, a cornet with compressed air, a 
steam-whistle, a vibrator-trumpet, and a siren- 
trumpet. His figures show that the intensity of 
sound decreases in air much more quickly than 
according to the law of the square of the dis- 
tances. This is attributed to the reflecting and 
dispersing power of the air (not being homo- 
geneous). Apart from the influ nce of wind, a 
given sound may have, it was proved, very dif- 
ferent ranges, varying, ¢.g., from two nautical 
miles to 15 or 20; the acoustic transparence, 
doubtless, varies within certain limits. The 
work of production of sound grows rapitly for 
small augmentations of range. The differences 
of range within an octave (supposing the work 
done in producing the sound exactly te same) 


are hardly perceptible. 

s an explanation of the effect produced by 
A a thin stratum of oil spread over the sur- 
face of the sea in quieting the waves, M. Van 
der Mensbrugghe, in a paper read before the 
Academie des Sciéncés, premises, first, that to 
increase the surface of 2 mass of water a certain 
amount of force is required, and this force is 
stored up, as potential energy, in the superficial 
layer of the water; secondly, when the free 
surface of a mass of water is decreased, a pro 
portionate amount of this potential energy is 
changed into kinetic or actual energy. ‘Thus, 
when one stratum of water is broughi—say by 
the wind —over another, the potential energy of 
this latter is changed into kiuclic energy, and a 
certain velocity is generated. When, however, 
one stratum of water is brought upon another 
covered ‘with a thin layer of oil—and con- 
sequently, having less potential energy than the 
first—the amount of force transformed into 
kinetic is considera')ly less than that remaining 
as potential energy. In other words, there 
would be a continual disappearance of actual 


force, and this would explain the tendency of 
the waves to subside much more quickly than | 


when no oil is present. 


ir 


wr following statistics of the number of in- 
habitants of some of the principal cities 
in Europe have been recently issued. There are 
92, cities in the whole of Europe each contain- 
ing a population of more than 100,000, but only 
four which have more than a million, viz. : 
London, 3,832,440; Paris, 2,225,910; Berlin, 
1,222,550: Vienna, 1,103,110. Of the other 
capitals, St. Petersburg possesses 876,570; Con- 
stantinople. 600,000 ; Madrid, 367,280; Buda- 
Pesth,360,580 ; Warsaw, 339,340 ; Amsterdam, 
317,010; Rome, 300,470; Lisbon, 246,340; 
Palmero, 244,990 ; Copenhagen, 234,850 ; 
Munich, 230,020; Bucharest, 221,800; Dresden, 
220,820; Stockholm, 168,770; Brussels, 161,820; 
Venice, 132,830 ; Stutgardt, 117,300. In ad- 
dition to these, Moscow contains 611,970 ; 
Naples, 493,110; Hamburg, 410,120; Lyons, 
372,890 ; Marseilles, 357,530; Milan, 321,840 ; 
Breslau, 272,910; Turin, 251,830; Bordeaux, 
220,960: Barcelona, 215,960; Odessa, 193,510; 
Elberfeld, 189,480; Genoa, 179,510; Lille, 
177,940 ; Florence, 169,000; Riga, 168,840; 
Prague, 162,520; Antwerp, 150,650; Adrianople, 
150,000: Leipsic, 149,080; Rotterdam, 148,000; 
Cologne, 144,770; Magdeburg, 137,130; Frank- 
fort, 136,820; Toulouse, 136,630; Ghent,127,650; 
Messina, 126,500 ; Hanover, 122,840; Nantes, 
121,960; Liege, 115,850; The Hague, 113,460; 
Oporto, 105,840; and Rouen, 104,010. 
| t is known that the vapor tension of liquid 
_ carbonic acid is enormous; thus while it is 
about 50 atmospheres at 15 deg. C., it exceeds 
100 atmospheres at 50 deg. and it reaches 800 
atmospheres at 200 deg. Hence, a vessel of 
the liquid represents a certian quantity of 
enerzy ready for use—if the cooling due to 
vaporization do not lower the temperature of 
the liquid too much. This fact has been lately 
turned to account by Major Witte, head of the 
Berlin Fire Brigade. The steam pumps are 
supplied with reservoirs of liquid carbonic 
acid. When a fire is announced the boiler fire 
is at once lit, but it takes some minutes to get 
up the requisite steam pressure, and the engine 
may have reached the scene before this is done 
In that case communication is opened between 
the reservoir of liquid carbonic acid and the 
motor cylinder of the pump, and the vapor 
then drives the pistons like steam. As the 
temperature rises water is vaporized, and for a 
time the pump is driven by a mixture of steam 
and carbonic acid; then steam is used alone. 
The important point is that by this arrange- 
ment, the pump is always ready to act when 
the fire is reached. A gain of tive or six min- 
utes, thus sometimes realized, may be of con- 
siderable importance at the outbreak of a fire. 
Major Witte’s experiments prove that the con- 
sumption of carbonic acid, before working with 
steam alone, does not exceed eight kilogrammes 
—say 201).—but two receivers should be used, 
because the cooling effect of vaporization of 
part of the acid causes tie rest of the liquid to 
freeze. At the Krapp works it has been re- 
cently stated, according to the Times; liquid 
earyonic acid is utilized not only in the manu- 
facture of Compressed steel, but for production 
| of ice and of seltzer water, also to give the 
| pressure necessary for delivery of beer. 
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EW METHOD OF GENERATING ELECTRIC- | 

1ry.—A _ discovery how to generate 
electricity by the act of combustion has been | 
made by Dr. Brand of La Rochelle. This dis- | 
covery, which is yet only in its infancy, will 
probably lead to many developments. Dr. 
Brand has a electro-generative torch or candle, 
which yields a current of electricity in the act | 
of burning. Itis prepared by making a paste 
of coal dust and molasses, and moulding it 
into a stick, which serves asthe inflammable 
wick of a candle. This rod is then covered 
with asbestos in a thin sheet, and dipped into | 
fused nitrate of potash until a good thick coat- | 
ing of the nitrate adheres. The wick being | 
ignited, it burns away, and a curreut of elec- | 
tricity is drawn from the candle by wires in- | 
serted into the nitrate and the coaly wick. | 
Though this current is comparatively feeble | 
and not as yet of much practical value, the | 
discovery is important as showing the possi- | 
bility of electro-zenerative fuels. It is pointed | 
out that, if we had a fireplace so constructed | 
that on burning — ordinary fuel in it so as 
to give heat, it would, at the same time, develop | 
an electro current sufficient to ring electric | 
bells or charge an accumulator, and thus give | 
light also. Dr. Brand is understood to have | 
this aim in view, and his researches are based | 
on the discovery of Becquerel, the great French | 
physicist, 





who found that red hot carbon | 
plunged into nitrate of potash forms an electric 
battery. | 


= CarBonic AcID FOR EXTINGUISHING | 
Frres.—An apparatus, devised by W. | 
Raydt, for this purpose consists of an iron cyl- | 
inder filled with fluid carbonic acid and a large 
vessel filled with water, which is placed in 
connection with the iron cylinder in such a2 


way that the carbonic acid shall stream through 

the water when the apparatus is to be used. 

Carbonic acid, as is well known, possesses the | 
property of becoming liquid under a pressure of | 
about 40 atmospheres, and occupies then about | 
zioth of its bulk in gas. A receiver contain- | 
ing 100 liters, therefore, will hold carbonic 

acid which, as gas, would occupy 45,000 liters. 
When used a valve reduces the pressure of the 
gas to the requisite amount, and all that is nec- 
e is toscrew on the conducting pipes, 
which will then convey to any desired height 
the water which, in this case, is saturated with 
carbonic acid, and which more readily and 
quickly extinguishes fire than does ordinary 
water. The first great experiment with the 
Ray«t Extinctive apparatus has been made by 
the Krupp’s Fire Brigade, in Exsen. The Di-| 





fires on board ships, by a ready employment of 
the Raydt Extinctive apparatus, all damage 
may be avoided. The Berlin Fire Brigade has 
aiso recently made an experiment with the 
Raydt’s apparatus, and the Director in that 
city pronounces himself very well contented 
with the result. When setting it in order, the 
adjustment of the jet which is driven by the 
fluid acid is made once and for all, and when 
there is no fire the carbonic acid remains uv- 
changed under pressure in the wrought iron 
cylinder. The fabrication of the fluid carbonic 
acid is now carried on on a large scale at 
Krupp’s steel factory. F. Krupp, Jr., has 
found a use for it in the preparation of cast 
steel, and for this as other purposes the car- 
bonic acid is prepared at Essen in the liquid 
form. The pump is so arranged that it can 
yield daily about 500 kilogs. of the fluid acid. 
The transport of the latter by rail, in wrought 
iron cylinders or bottles, is freely carried on. 
Each bottle before use is submitted to'a press- 
ure to test it amounting to one of two hundred 
and fifty atmcspheres, while the gas itself only 
exerts a pressure of about fifty atmospheres. 


N improvement in the manufacture of 
pulp for cardboard or the like has been 
suggested by an English paper-maker. The 
object is to produce cardboard, paper, paper- 
maché, and the like, which shall be both 
luminous and damp-proof. The Journal of 
the Society of Chemical industry says it con- 
sists in adding to the pulp phosphorescent 
powder for giving the luminous property, and 
gelatine for rendering the material damp-proof. 
The proportions preferred are as follows:— 
Water, 10 parts; paper-pulp, 40 parts; phos- 
phorescent power—by preference slacked for 
4 hours—20 parts; gelatine, 1 part; saturated 
ution of bichromate of potash, 1 part. 


CCORDING to Der Techniker, the hotel 
‘‘Zur Stadt Paris,” in Breslau, is now lit 
throughout by Herr Sandberger with gas ob- 
tained from human feces. These are put in a 
retort, where they are not only dried but de- 
composed by heat, the chief products being a 
light yielding gas, carbonic acid, tar, oul, and 
ammonia. <As in ordinary gas works, the tat 
and oil are separated, the gases washed by 
being passed through water, the carbonic acid 
fixed, and the light yielding gas purified for 
use. There remain in the retorts the ash-con- 
stituents with a portion of carbon, which the 
inventor designates coke. 


| ie in contact with lead, asin the case of rail- 
ing bars fixed in the rails by means of lead, 


sol 


rector and Chief of this fire brigade say that the | might remain unharmed if kept quite dry, or if 
main advantage of Raydt’s method consists in | thoroughly protected by a well maintained coat- 
the fact that when dealing with a fire which | ing of point. Paint is, however, seldom renewed 
has broken out, a stream of water can at once | until the action of air and rain has deteriorated 


be thrown without any preparation whatever, 
and the stream provided is one of an extreme 
activity for extinguishing fire. It is said to re- 
quire little personal attention, and is readily 
handled, It is intended for use in theaters, 
factories, and such kind of establishments as 
are especially exposed to danger from fire, as 
also for use on board ships. They are of opin- 
ion that in many larger theatres, factories, and 





| so that corrosion of the iron takes place. 


Once 
moisture has access to the iron and lead, the 
otherwise almost inactive couple formed by the 
metals becomes active and corrosion proceeds 
rapidly, especially in atmospheres containing 
sulphur. Hence the remarkable decay of many 
of the old railings to be seen in London, some 
of which, with heavy bars, may be seen corroded 
to mere threads. 





